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Abstract 
AGE-RELATED DI FFERENCES IN THE MOVEMENT PATTERNS OF ADOLESCENTS 1 1 ,  14 , 
AND 1 7  YEARS OF AGE RI SING TO STANDING FROM SUPINE ON A BED 
Jeanne O ' Nei l McCoy , P . T . 
Departmen t  of Physi cal Therapy , School of Al l i ed Hea l th Professi ons, 
Med i ca l  Col l ege of Vi rgi n i a  Campus/Vi rgi n i a  Commonwea l th Uni versi ty , 
1989 
Di rector :  Ann F .  VanSant ,  Ph . D . , P . T .  
T he  purposes of thi s study were to  determi ne: 1) if movement 
patterns ( MPs) desc ri bed for young adul ts r i si ng from bed depi ct  
adol escents '  MPs,  2 )  if  there are  age- rel ated di fferences i n  MPs 
adol escents use to perform th i s  task , 3) most common MP combi nations  
( MCMPCs) of each  age group , and  4 )  if  i nd i v i dua l s  a re l i kely to  progress 
through proposed sequences i n  the same order. 
S i xty 1 1- , 14- , or  17-year-ol ds were vi deotaped during  10 tri a l s of 
ri si n g .  MPs demonstrated i n  each of four body reg i ons  were cl assi fi ed ,  
and MP frequenci es and MCMPCs were determi ned .  
One new " near "  a rm MP was observed . Age- rel ated MP d i fferences 
were present i n  each  reg ion .  The MCMPCs observed i n  1 1- ,  14- , and 17-
year-ol ds were descri bed . One MP combi nation was common across a l l 
g roups. Subjects vari ed among MPs that were not proposed to be adjacent 
devel opmental steps. 
MP categori es devel oped to descr ibe adul ts '  movements can be used 
to descri be adol escents' movements. MPs used by adol escents getti ng out 
of bed d i ffer wi th age.  Therapi sts can sel ect age-appropri ate MPs when 
teaching  thi s acti v i ty.  
x i i  
Chapter 
Introducti on 
Getti ng  out of bed i s  an acti v i ty performed by most i nd i v i d uals at 
l east once a day.  Physi cal therapi sts frequently evaluate th i s  acti vi ty 
i n  persons wi th  motor i mpa i rments. The abi l i ty to get out of bed i s  
i nc l ud ed i n  several functi onal assessment i nd i ces, i nclud i ng the Katz 
Acti vi t i es of Dai ly L i v i n g  Index Report ( Katz , Downs,  Cash , & Grotz , 
1970 ) ,  the Kenny Self-Care Index ( Schoen i ng et al. , 1 965), the L inn  
Rap i d  D i sabi l i ty Rati ng Scale ( L i nn , 1967 ) ,  and the  Functi onal Status 
Index ( Jette, 1985 ) .  In each  of these i nd i ces, an ord i nal level of 
mea surement i s  used to i n d i cate how much assi stance a person requi res to 
get out of bed or the  extent to whi c h  a person i s  confi ned to bed . The 
movement patterns used when getti ng out of bed are not the focus of 
these a ssessments. 
Sarnacki  ( 1985 )  recent ly  descri bed the movement patterns used by 
hea l thy adul ts to get out of bed . Thi rty-fi ve young adults were 
v i deotaped duri ng  10 tri a l s of comi ng to standi ng from sup i ne  on a bed . 
The movement patterns observed i n  each of four body reg i ons were 
desc ri bed i n  wri t i n g .  These four body reg i ons  were the ri ght upper 
extremi ty . the left upper extremi ty .  the head and trunk. and the 
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l ower extremi ti es. Based upon the movement pattern variabi l i ty observed 
wi thi n an i nd i v idua l .  the descri ptions of movement patterns were then 
ordered i nto hypothesi z ed devel opmental sequences. Whether the movement 
patterns used to get out of bed vary wi th age. however. has not been 
veri fi ed .  
Ado l escence i s  a n  i mportant transi t ional  period between chi l dhood 
a nd adu l thood ( Katchadourian.  1977 ) .  Deri ved from the Lat i n  word 
"adol escere. " adol escence means " to grow up"  ( Morri s. 197 6 ) .  Consi stent 
wi th  the many physi cal  and psychosoc i a l  changes occurri ng during  
adol esc ence. motor abi l i ti es a l so undergo change. 
Several researchers. i nc l ud i ng C l arke ( 197 1 ) .  D imock ( 1935 ) .  and 
Espenschade ( 1940 ) .  have documented quanti tati ve changes in motor 
abi l i t i es that occur duri ng the second decade of l i fe. Such age-rel ated 
changes occurred i n  broad jumping  or throwi ng d i stances. runn i ng speed. 
or  the n umber of push- ups a person coul d compl ete. Fewer researchers 
have exami n ed changes i n  the movemen t patterns used to perform a task . 
Long i tud ina l  studi es of movement pattern changes i n  adol escents have 
been l imi ted to sport acti vi ti es such  as throwi ng ( Ha l verson. Roberton. 
& Langendorfer. 1982 ; Roberton & Langendorfer. 197 9 )  and hopp ing  
(Hal verson. Roberton.  & Harper. 197 3 ;  Roberton & Ha l verson. 1984 ) .  
Physi cal  therapi sts frequent ly  teach adol escents wi �h motor 
i mpai rments acti vi t i es such  as rol l i ng. getti ng out of bed. and comi ng 
to standi ng from a seated posi t ion on a cha i r  or  a sup i ne  posi t ion on 
the fl oor .  As pa rt of a growi ng body of research exami n i ng age- rel ated 
d i fferences i n  the movement  patterns used to perform such tasks. Boucher 
( 1988 ) exami ned the movement  patterns used by adol escents to ro l l  from 
supi n e  to prone. Seventy hea l thy teen-agers were v ideotaped duri ng 
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ten t ri a l s of rol l i n g .  T he  movements demonstrated were c l assi fi ed usi ng 
movement pattern desc ri ptions  devel oped in a previ ous study of young 
adul ts  ( Ri chter , 1985 ) .  The movement patterns used to rol l vari ed wi th 
age across the teen years ( Boucher , 1988 ) .  Whether age- rel ated 
d i fferences occur i n  the movement patterns used by adol escents to 
perform other funct ional  acti vi t i es, such as getti ng out of bed , is not 
known . 
The ma i n  purpose of the present study was to determine  i f  there are 
age-rel a ted d i fferences i n  the movement patterns exh i bi ted by 
adol escents when comi ng to stand i ng from supine  on a bed .  A second 
purpose was to determi ne i f  descri pti ons of the movement patterns used 
by young adul ts when r isi ng from supine  on a bed ( Sarnacki , 1985 )  are 
comprehensi ve descri ptions of the movements used by adol escents 
performi ng the same task . A th i rd purpose was to describe  the most 
common form of r i si ng used by adol escents to r i se to standi ng from 
sup i ne  on a bed .  The fi nal  purpose, of theoret i ca l  i nterest , was to 
determi ne i f  i nd i v idual patterns of vari abi l i ty i n  the movements used to 
get out of bed were consi stent wi th a hypothesi s that al l i nd i v i dua l s  
woul d progress through the proposed devel opmental sequences i n  the same 
order . 
PhYS i ca l  therapi sts need to be aware of the movement patterns that 
adol escents use to get out of bed .  When eva l uat ing  pati ents,  c l i n i c i ans 
a re i nterested in both  if pati ents can perform an acti vi ty and the 
movements  used . Both types of i nformat ion are used to i denti fy 
funct ional  i mpa i rments, estab l i sh rea l i sti c treatment objecti ves,  and 
p l an a ppropri ate treatment acti vi ti es. If therapi sts a re aware of the 
movement patterns that abl e- bod i ed adol escents use to get out of 
bed , they can better i denti fy abnorma l patterns i n  d i sabl ed adol escents 
and teach  the acti v i ty us i ng  age-appropri ate movement pattern s .  
Research Questi ons 
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Ma i n  quest ion . A re there age- rel ated di fferences i n  the movement 
patterns exh i b i ted by adol escen ts when ri s i ng to stand i ng from supi ne  on 
a bed that correspond to devel opmen ta l  sequences proposed from a 
previous  study of young adul ts ( Sarnacki , 1985)? 
Sub-quest ion . Are descri pti ons of the movement patterns used 
by young  adu l ts when ri s i ng to stand i ng from supi ne  on a bed 
comprehens i ve descri pt i ons  of the movement patterns used by adol escents 
performing  the same task?  
Quest ion two .  What i s  the most  common combination o f  ri ght upper 
extremi ty ( RUE ) ,  l eft upper extremi ty ( LUE ) ,  head and trunk  ( HT) , and 
l ower extremi ty ( LE )  movement patterns used by each age g roup of 
adol esc ents to ri se  to stand ing  from sup i ne  on a bed? 
Question  three. Do es i nd i v i dual  vari abi l i ty i n  the movement 
patterns used to ri se  to standi ng from supi n e  on a bed support the 
hypothesi s  that a l l i nd i vi dua l s  progress through the proposed 
devel opmental s equences i n  the same order?  
Operati onal Defi n i t i ons 
For the purposes of th i s  study , the fol l owi ng terms were defi ned: 
1) Movemen t  Patterns are the spat ia l  and tempora l characteri sti cs 
of posi t i ona l  c hange (Wi c kstrom , 1983 ) wi th in  a body reg ion .  The 
movement patterns of concern in the present study were i denti fi ed in a 
previous  study of young adul ts ( Sarnacki , 198 5 ) .  These movement 
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patterns a re l i sted and descri bed i n  deta i l  i n  Tabl es 1-4  on pages 15  to 
18 and i l l ustrated i n  Fi gures 1 to 5 on pages 19  to 23. 
2 )  Adol escents are i nd i vi dua l s  in the second decade of l i fe, 10 to 
1 9  years of age ( Katchadourian,  1977 ) .  Subjects in the present study 
were 1 1 ,  14 ,  or 17 years of age. 
3) Devel opmental  Sequences represent orderly and pred i c tabl e 
changes over t ime i n  motor behavi ors (Wi c kstrom, 1983 ) .  The 
devel opmental  sequences exami ned i n  the present study are compri sed of 
seri es of movement patterns,  one for each of four body regi ons. I n  
Tabl es 1 t o  4 o n  pages 15 t o  18 , t he  sequences are descri bed . These 
sequences had been hypothesi zed by Sarnacki ( 1985 )  to represent the 
ord er of motor pattern devel opment.  
Assumpti ons  
The  fo l l owi ng assumpt ions were made i n  the  present study: 
1 )  Motor devel opment i s  rel ated to age. 
2) Motor devel opment occurs i n  an orderly  sequence. 
3) Adol escents demonstrate i ntra- i nd i v i dua l variabi l i ty in the 
movement patterns used to get out of bed . 
4 )  The movement patterns descri bed for young adul ts getti ng out of 
bed to the ri ght and the devel opmental sequences hypothesi zed ( Sarnack i ,  
1 985 )  a r e  a l so appl i cabl e to i ndi v idua l s  getti ng out o f  bed t o  the l eft . 
Limi tations 
The fo l l owi ng were i denti f ied as  l i mi tat ions of thi s study : 
1 )  S i nce  thi s study was cross-sect iona l ,  the resul ts depi ct age­
rel ated d i fferences. Devel opmental change can on ly  be demonstrated in a 
l ongi tud i nal study. 
2 )  The resu l ts of thi s study may not be appli cable to adolescents 
from cu l tures where the use of a bed i s  uncommon . 
Organ i z a t i on of the Rema i n i n g  Chapters 
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Four add i ti onal  chapters foll ow th i s  i ntroduct ion .  In Chapter 2 ,  a 
revi ew of perti nent l i terature i s  presented . The procedures used i n  
th i s  study a re deta i l ed i n  Chapter 3 ,  Methods. The results of  thi s 
research a re conta i ned i n  Chapter 4 .  In Chapter 5 ,  the results are 
d i scussed . conc l usi ons a re drawn , and the impli cations of thi s study and 
recommendat ion s  for future studi es are presented. Chapter 5 ends wi th a 
bri ef summary of the current study. In Appendi x J, thi s research i s  
summari zed i n  the form o f  a publi shable art i cle. 
Chapter I I  
Li terature Rev i ew 
Li terature from three major areas rel ated to the present study i s  
revi ewed i n  th i s chapter . The fi rst area addresses the functi onal 
acti vi ty of ri si ng to standing  from supi ne on a bed . Wri ti ngs rel a ted 
to adol escent motor devel opment are revi ewed next, fol l owed by a 
d i scussion of cross-secti onal versus l ong i tudi nal devel opmental research 
desi gns. 
Ri si ng to Stand i ng From a Bed 
Funct iona l  acti v i t i es refer to purposeful body movements performed 
by most i nd i v i dua l s. Exampl es of functi onal acti vi t i es i nc l ude gett i ng 
out of bed,  coming  to stand i ng from si tti ng on a cha i r  or l yi ng on the 
fl oor, rol l i ng,  or  wal k i n g .  When physi cal  therapi sts eval uate 
functi ona l acti v i t i es, knowi ng both if a pati ent  can perform an acti vi ty 
and the  movements used are i mportant .  Such i n format ion i s  needed to 
establ i sh rea l i sti c treatment objecti ves and to desi gn appropri ate 
t reatment acti v i ti es uti l i z i ng age-appropri ate movement patterns. 
For exampl e, i f  a therapi st was eva l uating  a person ' s  ga i t, l ower 
extremi ti es that were wi del y  abducted and upper extremi ti es that were 
abducted at the shoul ders and fl exed at the el bows woul d be expected i f  
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the i ndi v i dual  was 12 months o l d  (McGraw, 1940 ) .  Th i s  gai t pattern 
wou l d  be abnorma l i f  an i ndi v idual  was 17 yea rs of age. A 17 year o l d  
pati ent woul d l i kely want  to  l earn to  wal k wi th a sma l l er base of 
support and wi th upper extremi ti es extended besi de the trun k and mov ing 
rec i p rocal l y  wi th the l ower extremi ti es ,  a more age-appropri ate ga i t  
pattern . A l though both i nd i v i dua l s  may be ab le  to wa l k ,  the i nfant  
woul d not  requ i re gai t tra i n i ng ;  the  adol escent woul d  benefi t from 
physi cal  therapy i ntervention to change the movement patterns used 
during  gai t .  
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In the fo l l owi ng sub-secti ons, severa l top ics  are revi ewed . After 
funct ional sca l es wh i c h  can be used to assess a pati ent ' s  abi l i ty to get 
out of bed a re summari z ed ,  descri ptions i n  the rehabi l i tat ion l i terature 
of the movement patterns used to get out of bed are exami ned .  Research 
conducted on the movement patterns used to get out of bed i s  revi ewed 
l ast . 
Getti ng out of bed as an i tem i n  functi onal assessment sca l es. 
Functional  assessment sca l es are frequent ly  used by hea l th ca re 
professi onal s to assess the physi cal function of pati ents. Jette ( 1985 )  
presented a revi ew of  severa l commonl y used funct ional  sca l es. H is  
purpose was to i l l ustrate some of  the many exi sti ng sca l es and  to 
cri ti ca l l y  ana lyz e  thei r strengths and wea knesses. Four .of those sca l es 
expl i c i tl y  test the a bi l i ty to get out of bed .  These are the Katz 
Acti v i t i es of Da i l y L i v i ng Index Report , the Kenny Sel f-Care Index , the 
Funct i onal Status Index , and the Li nn Rap id  D i sabi l i ty Rati ng Scal e. 
In each of these sca l es,  an ord ina l  l evel of measurement i s  used to 
i ndi cate one ' s abi l i ty to get out of bed . In the Katz Acti v i t i es of 
Da i l y Li v i ng Index Report ( Katz et al . ,  1970)  and the Kenny Sel f-Care 
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Index ( Schoen i ng et a l . ,  1965 ) ,  the abi l i ty to get out of bed i s  scored 
us i ng three and fi ve poi nt sca l es respecti vel y ,  i nd i cati ng the amount of 
phys i ca l  ass i stance requi red . In the Li nn Rapi d D i sabi l i ty Rat ing  Sca l e  
( L i nn , 1967 ) ,  a n  i nd i vi dua l  i s  i denti fi ed a s  bei ng confi ned to bed "not 
at al l ,  part of the day , or a l l the t i me" ( p .  212 ) .  In the Functi onal 
Status I ndex ( Jette,  1985 ) ,  getti ng out of bed i s  eva l uated us i ng fi ve 
to s even po i n t  sca l es based upon the amount of ass i stance requi red , the 
extent of pa i n ,  and the degree of d i fficul ty . 
A l though  an i nd i v i dual ' s  a bi l i ty to perform the acti vi ty i s  
eva l uated i n  each  o f  these assessment sca l es ,  no i nformat ion i s  provided 
about the  movement patterns used to perform the tas k .  When eva l uat ing  
pati ents , establ i s hi ng treatment goa l s ,  and  i mpl ementi ng treatment 
programs , quant i tati ve and qua l i tat i ve i nformation i s  essent i a l  for the 
physi ca l  therapi s t .  
Descri ptions o f  comi ng to  stand i ng  from supi ne on  a bed and 
i mpli cati ons for treatmen t .  Few descri ptions  o f  t h e  movement patterns 
used by abl e-bod i ed i ndi v i dua l s  to get out of bed were found i n  the 
rehabi l i tat ion l i terature. Carr and Shepherd ( 1987 ) in thei r text on 
motor rel earn i ng fo l l owi ng a stroke descri bed getti ng out of bed as 
fol l ows : "Most peopl e,  when they s i t  up over the s i de of the bed , go 
from sup i ne  to s i tt ing  up , use the hands for l everage and swi ng the l egs 
over the s i de of the bed . The el derly often turn to one s i de  fi rst , use 
thei r hands to push themsel ves up , then swi ng the l egs over the s i de" 
( p .  84 ) .  
The authors d i d  not provide  research support for thei r descript ions 
of the movement patterns used to get out of bed . Nor d i d  they 
ac knowl edge that there may be a great range of i nd i v i dua l  vari abi l i ty i n  
the  movement patterns used to get out of bed . A l though Carr and 
Shepherd stated that the el der ly  often get out of bed di fferent ly  than 
"most "  peopl e.  they d i d  not c l ari fy the popu l at ion to wh i ch the el derly 
were compared . The a uthors d id  not suggest that there may be 
di fferences i n  the  movement patterns of other g roups besi des the 
el der ly. 
I n  d i scussi ng treatmen t .  Carr and Shepherd ( 1987 ) i nstruct 
therap i sts  to teach  pati ents to come to si tti ng from the si del yi ng 
posi t ion . The authors remark that one probl em therapi sts may need to 
correct i s  a pati en t ' s  tendency to pul l on the edge of the bed i nstead 
of l a tera l l y  fl exing  the neck  and trunk when mov i ng from sup i ne  to 
si tti ng .  
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Bobath  ( 1 978 )  d i scussed how to teach an i ndi v i dual  who has had a 
stroke to move from a sup ine  to standing  posi t i on .  Persons assi st i ng 
the i ndi v idual  are i n structed to teach the pati ent to c l asp both  hands 
overhead . bend both kn ees so the feet are on the bed . and wi th the knees 
together beg i n  to rol l by fi rst turn i ng the trunk and then the pel vi s. 
When comi ng  to stand i ng from sup i ne  on a bed . the pati ent  i s  
i nstructed to pl ace both a rms around the wa i st or on the shoul ders of 
the person prov i d i ng a ssi stance ( see Fi gure 6 ) .  Bobath d i d  not prov i de 
a descri pt ion of the movement patterns used to get out of bed by 
i ndi v idua l s wi thout movement d i sorders. The change of abnorma l patterns 
of movement to norma l patterns of movement i s . however . a stated 
trea tment goal . 
Si nce getting  out of bed i s  a task taught by c l i n i c i ans.  
c l ari fi cat ion of these ambi gui ti es is  i mportant.  I n  the present study . 
the movement patterns used by adol esc ents to get out of bed have been 
I. 
a )  Sup i ne to S i d e l yi n g  b )  S i de l yi n g  to S i tt ing  
c )  Si tt i n g  to  Stand i ng 
F i gu re 6. Assi sti ng a Pe rson Wi th Hemi p l e g i a  to Get Out of Bed. 
( From Bobath , B.  (1978). Adul t hemipl egi a: Eval uat i on and treatment 
( 2nd ed.) (pp. 76-77, 81). London: Wil li am Hei nemann Medi cal Books.) 
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i denti fi ed .  i nd i v i dual  patterns of var iabi l i ty exami ned. and 
devel opmental sequences hypothesi zed in a study of young adu l ts 
( Sarnacki . 1985) tested . 
Research on comi ng to stand i ng from a bed . Sarnacki ( 1985) 
desc ri bed the movement patterns used by hea l thy young adu l ts to ri se to 
stand i ng from sup i ne  on a bed .  I n  add i t i on ,  she hypothesi zed movement 
pattern devel opmental sequences for each of four body regi ons. 
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Sarnacki 's fi nd i ngs rei nforce the i mportance of research in wh ich  
the  movement patterns used by hea l thy i nd i v i dua l s  to  perform various 
functi onal acti v i t i es are descri bed .  For exampl e. grasp i ng the edge of 
the bed was the most common r ight upper extremity movement pattern and 
was observed in 59% of the subjects. Th i s  movement pattern was a l so 
part of the most common form of ri si ng i n  young adul ts wh i c h  i s  
i l l ustrated i n  Fi gure 7 .  Thi s fi nd i ng causes one to quest ion Carr and 
Shepherd ( 1987 ) who sta te that one probl em therapi sts may need to 
correct i s  a pati en t ' s tendency to grasp the edge of the bed when ri si ng 
to si tti ng from supi ne.  
I n  add i ti on. Bobath ( 1978) stated that chang i ng abnorma l  movement 
patterns to "norma l " movement patterns shoul d be the a im  of treatment .  
However , c l asp ing  both hands overhead o r  bendi ng both knees wi th the 
feet on the bed were not movement patterns used by hea l thy young adul ts 
to get out of bed . Nor d i d  al l i ndi v idua l s  begi n to get out of bed by 
fi rst rotati ng the trun k and then the pel v is. Sarnacki ( 1985),  however , 
i denti fi ed severa l movement patterns commonly  used to get out of bed by 
hea l thy i nd i v i dual s that had not prev iously  been descri bed . 
Far Upper E x t rem i ty 
Push 
Near Upper Extremity 
Grasp and Pu s h  
Head and Trunk 
Ro ll-Off 
Lower Extremities 
A s ynchron o u s  
F i gu re 7. Most  Common Movemen t Pattern Com b i nat i on o f  Young  Adu l ts 
Gettin g Ou t o f  Bed ( From Sarnacki, 1985). 
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In Sarnac ki ' s  ( 1985 )  study , thi rty-fi ve, 20 to 33 year old adul ts 
were fi l med d uri ng 10 t ri a l s of getti ng out of bed . Focusi ng on a 
si ngl e body reg i on , the movement patterns observed across a l l tri a l s  
were descri bed i n  wri t i n g .  After groupi ng these descri ptions  based upon 
thei r simi l ari ti es and  di fferences ,  severa l genera l descri ptions of 
movement patterns were formed for each of four body reg ions.  The 
movement patterns demonstrated by the subjects on each  of thei r tri a l s 
were then c l assi fi ed usi ng these descri pti ve categori es. The inc i dence 
of eac h  movement pattern was determi ned across a l l subjects and tri a l s. 
The patterns i dent i fi ed i n  Sarnacki ' s  ( 1985 ) study are l i sted and 
descri bed in Tabl es 1 to 4 and i l l ustrated in F i gures 1 to 5. Al l 
movement patterns are i l l ustrated i n  these fi gures except the Lateral 
L i ft and Push Pattern for the " Far"  Upper Extremi ty .  
Sarnacki  o r i g i nal l y  consi dered the  upper extremi ti es ( UEs) as a 
si ngl e body reg i on . Because two camera vi ews were requi red to v iew both 
extremi t i es,  however , movement pattern descri pt ions were d i ffi cul t to 
form for the UEs as  a si ngl e reg i on .  The UEs were, therefore, 
consi dered two separate body reg ions,  the near upper extremi ty ( NUE ) and 
the far upper extremi ty ( FUE ) .  The "near"  UE refers to the a rm c l osest 
to the si de  of the bed toward whi ch the i nd i v i dual i s  ri si n g .  The "far"  
UE refers to the a rm away from the si de toward whi ch the .i n d i v i dua l  i s  
r i si ng .  For exampl e ,  i f  one gets out of bed toward the l eft , the l eft 
UE i s  the "near "  UE ; the ri ght  UE i s  the "far"  UE . 
Usi ng  two concepts deri ved from stage theory , un i versa l i ty and 
i ntransi ti v i ty .  Sarnacki  hypothesi zed devel opmental sequences for the 
movement patterns of each  body reg ion . Uni versal i ty means that al l 
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Tab l e  1 
Far Upper Extremi ty Movement Patterns 
1 )  Lateral L i ft and Push : The upper extremi ty l i fts or  sl i des on the 
supporting surface toward the head of the bed .  The enti re upper 
extremi ty , or  some part of i t ,  is pl aced on the bed and pushes. The 
extremi ty extends unti l the hand i s  the on ly  part of the upper extremi ty 
rema i n i ng on the bed . The hand l i fts and the extremi ty may be used as a 
ba l ance assi st . 
2 )  Push :  The enti re upper extremi ty ,  or  some part of i t ,  pushes i nto 
the ceo: The upper  extremi ty extends unti l the hand or el bow is the 
on ly  part of t he upper extremi ty rema i n i ng on the bed .  The hand o r  
el bow l i fts and the extremi ty may be used as a ba l ance assi st . 
3 )  Doubl e Push : The enti re upper extremi ty l i fts toward the head of 
the bed and pushes or pushes i nto the bed wi thout l i fti ng . The 
extremi ty extends unti l the hand or e l bow i s  the only part of the upper 
extremi ty rema i n i ng on the bed .  The hand or e l bow l i fts, and the hand 
i s  p l aced on t he bed , usua l l y near the edge , and pushes. The hand l i fts 
and the extremi ty may be used as a ba l ance assi st . 
4 )  L i ft and Push : The upper extremi ty l i fts off the bed and may reach 
across the body. The hand i s  pl aced on the bed on the same si de of the 
body at some po i n t  between the starti ng posi t i on and the edge of the bed 
and pushes. The hand l i fts and the extremi ty may be used as a ba l ance 
a ssi st . 
5 )  Li ft or L i ft and Reach : 
may reach across the body . 
assi st . 
The upper extremi ty l i fts off the bed and 
The extremi ty may be used as a ba l ance 
Note . From Sarnacki ( 1985 ) .  A l etter i ng system was used i n  Sarnac ki ' s 
study to i denti fy these movement patterns. The movement patterns are 
l i sted here i n  the order i n  whi ch Sarnacki  proposed the patterns woul d 
deve l op . Pattern 1 was expected to predomi nate pri or  to pattern 2 .  
Pattern 2 was expected t o  predomi nate pri or  t o  pattern 3 ,  a n d  so forth .  
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Tabl e 2 
Near  Upper Extremi ty Movement Patterns 
1 )  Latera l L ift and Push : The upper extremi ty l i fts o r  sl i d es on the 
supporting surface toward the head of the bed . The enti re upper 
extremi ty i s  i n  the extended or nearly  extended posi tion , and the hand 
i s  the only part of the extremi ty rema i n i ng on the bed . The hand l i fts, 
and the extremi ty may be used as  a ba l ance assi st . 
2 )  Grasp and Push : The upper extremi ty sl i des or l i fts to pos i tion the 
hand to grasp the edge of the bed . The enti re upper extremi ty ,  or some 
part of i t ,  pushes down on the bed whi l e  the hand gri ps on the edge. 
The upper extremi ty l i fts and may be used as  a ba l ance assi st . 
3 )  Push : The enti re upper extremi ty,  or some part of i t ,  pushes i nto 
the oea: The extremi ty l i fts from the bed and may be used as a ba l ance 
a s s i s t .  
Note. From Sarnacki ( 1985 ) .  A l etter i ng system was used i n  Sa rnacki 's 
study to i dent ify these movement patterns. The movement patterns are 
l i sted here in the order in whi ch Sarnacki  proposed the patterns wou l d  
devel op .  Pattern 1 was expected to predomi nate prior to pattern 2 .  
Pattern 2 wa s expected to predomi nate prior to pattern 3 .  
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Tabl e 3 
Head and Trun k  Movement  Patterns 
1) Pel v i s Lead i ng: The l ower trun k rotates to t he si de . At si delyi n g ,  
the upper slde of the pe l vi s  drops to the bed , and the trunk  l i fts and 
turns toward si de  fac i ng .  The subject may be in a symmetrical  si tti ng 
posture before stand i ng .  
2)  Latera l Ro l l :  The head and  trunk turn toward t he  si de fac i ng 
position with min ima l  fl exi on toward the foot of the bed . In  the si de 
fac i ng posi t i on , one buttock  i s  off the bed , and the shoul ders and 
pe l vi s  are a l i gned and d i spl aced toward the head of the bed . Just 
before t he buttock comes off the bed, the head and trunk  are d i spl aced 
toward the head of the bed through l a tera l  flexion and/or rotation . 
3 )  Rol l -Off: The  head and  trunk fl ex and  turn toward si de fac i ng wi th 
the welght shi fted to one buttock .  I n  the si de fac ing  posi t ion , the 
pe l vi s  may drop to a l evel posi t ion . Just before both buttocks come off 
the bed, the head and t runk  are d isplaced toward the head of the bed 
through l a teral fl exion and/or rotat ion .  
4 )  Come to Si t :  The head and trunk fl ex symmetrica l ly  or fl ex and  turn 
toward slde fac i ng by pi vot i ng  on one or  both buttoc ks. I f  the trunk  
pi vots on one  buttock, the pel v i s  may drop to  a l evel posi t ion before 
stand ing . Just before both buttoc ks come off the bed , the trunk  i s  i n  a 
symmetri cal  si tt ing  posture, though i t  may be fl exed forward . 
Note. From Sarnacki  ( 1985 ) .  A l etteri ng system was used in Sarnac ki 's 
study to i dent ify these movement patterns. The movement patterns are 
l i sted here in the order in wh i ch Sarnacki  proposed the patterns wou ld  
devel op .  Pattern 1 was expected to predomi nate pri or to  pattern 2 .  
Pattern 2 wa s expected to  predomi nate pri or to  pattern 3 ,  and  so forth . 
Tabl e 4 
Lower Extremi ty Movement Patterns a 
1 )  Ste�-Off : The l ower extremi ti es are l i fted asynchronousl y off the 
bed . T e far extremi ty may push on the bed before l i ft i n g .  The far 
extremi ty fl exes toward the chest such that the thi gh  i s  above the near  
extremi ty th i g h .  T he  feet are usua l l y  p l aced o n  t he  fl oor 
asynchronousl y, and the near extremi ty may begi n to extend before the 
far extremi ty foot i s  p l aced on the fl oor. 
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2 )  Asynchronous Wi th Leg Extensi on : The l ower extremit i es a re l i fted 
asynchronously off the bed . The far l ower extremi ty may push on the bed 
pri or to l i ft i n g .  The thi ghs rema i n  paral l el as they move across the 
bed . The far l ower extremi ty may be extended as i t  moves ac ross and 
over the edg e  of the bed . The far l ower extremi ty foot is in front of 
the near l ower extremi ty l eg as the l egs descend toward the fl oor. The 
feet are p l aced on the fl oor, and the l ower extremi ti es extend to the 
upri ght posi ti on .  
3 )  Asynchronous: The l ower extremi t ies are l i fted asynchronousl y off 
the bed. The far l ower extremi ty may push on the bed before l i fti ng and 
i s  usua l l y  medi a l l y  rotated . The thighs are para l l el as they move 
across the bed, and the l egs are para l l el as they desc end toward the 
fl oor. The feet are p l aced on the fl oor si mul taneousl y, and the l ower 
extremit i es extend to the upri ght posi tion . 
4 )  Synchronou s: The l ower extremi ti es are l i fted or sl i d  
simultaneously off the bed . A bri ef push on the bed may proceed the 
l i ft i ng.  The l ower extremi ti es move together over the edge of the 
bed . The feet are pl aced on the fl oor si mu l taneously .  The l ower 
extremi ti es extend to the upri ght posi ti on .  
Note. From Sarnac ki ( 1 985 ) .  A l etter i ng system was used i n  Sarnacki ' s  
study to i dent ify these movement patterns. The movement patterns are 
l i sted here in the order in whi c h  Sarnacki proposed the patterns woul d 
devel op.  Pattern 1 was expected to predomi nate pri or to pattern 2 .  
Pattern 2 was expected to predominate prior to  pattern 3 ,  a n d  so forth . 
a Since the si de-vi ew camera was posi t ioned c l osest to the subject's 
ri ght si de  i n  Sarnacki ' s study, the "far"  extremi ty i s  the l eft l ower 
extremi ty ; the "near"  extremi ty i s  the right l ower extremi ty .  
Far Upper Extremity 
Pu s h  
Near Upper E xtrem i ty 
Grasp and Pu s h  
Head and Trunk 
Lateral Ro l l  
Lower Extremi ties 
Asyn c hronous  W i t h  
Leg Exten s i on 
c� ( , 
F igu re 1. Movemen t Pattern I l l u s trations  ( a )  ( From Sarnacki , 1985). 
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Far Upper E xtremity 
Dou b l e  Pu s h  
Near Upper Extrem i ty 
Grasp and P u s h  
Head a n d  Trunk 
Come to Sit 
Lower E x tremi ties 
Asyn chronous  
F igure 2. Movement Pattern I l l u s trations ( b )  ( From Sarnacki, 1985). 
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Far Upper E xtremity 
Push 
Near Upper E xtremi ty 
Push 
Head and  Trunk 
Pelvis Leading 
Lower E xtremities 
Synchronous 
Figure 3. Mo vement Pattern Il l ustrations (c) (From Sarnacki, 1985). 
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Far Upper E xtrem i ty 
L i ft or L i ft an d Reach 
Near Upper E xtrem i t� 
Grasp and Push 
Head an d Trunk 
Ro ll-Off 
Lower E xtrem i t i es 
Asynchronous W i th 
Leg E xtensi on 
F i gure 4. Movement Pattern 1llustrati ons (d ) (From Sarnacki, 1985). 
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Far Uppe r Extrem i ty 
L i ft and Pu s h  
Near Upper Extrem i ty 
Late ral L i ft and Pu s h  
Head and T runk 
Ro l l -Off 
Lowe r Extremi t i e s 
Step-Off 
F i  gure 5. �'ovement Pattern I l lustra t i ons ( e ) ( From Sarnack i ,  1985). 
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i nd i v i dua l s  pass through the same devel opmental sequence. 
I ntransi ti v i ty means that the order of steps wi thin  the sequence does 
not vary ( Roberton , 1978 ) .  Any subject demonstrati ng more than one 
movement pattern dur i ng severa l performances of a task woul d be expected 
to vary on l y  among adjacent movement patterns i n  a devel opmental 
sequence. A v io l at ion of th i s  cri terion coul d refute the un i versal i ty 
of the sequence ( Roberton , 1977 ) .  
Sarnacki rearranged the movement pattern categori es unti l a l l  
i nd i v i dua l s  who demonstrated vari abi l i ty i n  the movements across 10 
tri a l s vari ed on l y  among adjacent movement patterns. For examp le ,  
suppose two possi bl e devel opmental orders were movement patterns 1,  2 ,  
3 ,  and 4 successi vel y  o r  movement patterns 4 ,  3 ,  2 ,  and 1 successi vely .  
Subjects who demonstrated movement pattern 2 may a l so have demonstrated 
patterns 1 and 3 and have been consi dered to va ry among adjacent steps 
of both possi bl e sequences. Subjects who demonstrated movement pattern 
2 and a l so patterns 1 and 4 woul d have vari ed among non-adjacent steps 
of both sequenc es. 
Once the movement pattern categori es were ordered , Sarnacki had to 
dec i de i f  the correct devel opmental  sequence was, for exampl e, patterns 
1, 2 ,  3 ,  and 4 or patterns 4 ,  3 ,  2, and 1 .  Prev i ous research ( McGraw , 
1945 ; Schal tenbrand , 1928 ; VanSant , 1983) was consul ted to hypothesi ze  
the  fi rst movement pattern as pattern 1 or pattern 4 .  Si nce subjects i n  
her study vari ed on l y  among adjacent movement patterns i n  t he  proposed 
devel opmental sequences, Sarnacki hypothesi zed that the devel opmenta l 
sequences were ordered correctl y. 
The useful ness of studyi ng a si ngl e age g roup of subjects to 
hypothesi ze devel opmental sequences pri or to conducting a more t ime­
consum i ng and cost ly  l ongi tudi na l  study has been demonstrated 
previ ousl y .  Roberton ( 1977 & 1978 ) found that for subjects who var ied 
onl y among adjacent movement patterns. the hypothesi zed deve lopmental 
sequences of the movement patterns used to throw were supported i n  a 
l ater l ong itud ina l  study . For subjects who varied among non-adjacent 
movement  patterns. the hypothesi zed devel opmental sequences were not 
supported l ongi tudi nal ly .  
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Across-tri a l  variabi l i ty was a l so exami ned i n  the present study to 
determi ne i f  a l l subjects vari ed on ly  among adjacent movement patterns 
i n  the hypothesi zed deve l opmental sequences. A l ongi tud i na l  study woul d  
need to be conducted to u l t imate ly  val i date these hypothesi zed sequences 
and to determi ne i f  a l l or most i nd i v i dual s progress through the 
sequences i n  the same order ( VanSant. 1988 ) .  
Adol escent Motor Deve l opment 
The beg i nn i ng of adolescence has been i dent ifi ed by physi cal  
i nd i cators of puberty ( Espenschade & Eckert. 1967 ) .  Throughout th i s  
study. however .  ado lescence refers to the second decade o f  l i fe 
( Katchadourian.  1977 ) .  
Three topi cs  perta i n i ng to adol escent motor deve l opment are 
revi ewed i n  thi s sub-sect ion .  Fol l owi ng a d i scussion of motor 
performance and movement pattern changes in sport acti v i t i es. research  
on age-re l ated d i fferences among adol escents performi ng functi onal 
acti v i ti es  ;s presented . 
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Motor performance in sport acti v i t i es . Motor performance refers to 
the product of movement ,  the fi nal outcome , as opposed to the process or 
form u sed duri ng the acti v i ty (Wic kstrom , 1983 ) .  Most of the research 
that has  been conducted on adol escent motor development has focused on 
motor performance.  For exampl e ,  resea rchers have exami ned age changes 
i n  how far s ubjects coul d jump or throw a ba l l ,  how fast they cou l d  run 
a g i ven d i s tance ( C l arke , 197 1 ;  Espenschade , 1940 ) or how many push-ups 
they coul d do ( D imoc k ,  1935 ) .  I n  each of these l ong i tud i na l  studi es , 
age changes have been found . Si nce age changes i n  motor performance are 
we l l  documented throughout ado l escence , one might  expect to al so fi nd 
age changes i n  the movement patterns used to perform a g i ven acti v i ty.  
Movement  pattern changes i n  sport acti vi ti es . Movement pattern 
changes duri ng adol escence i n  the deve lopment of the overarm throw have 
been  exami ned i n  two studi es ( Hal verson et al . ,  1982 ; Roberton & 
Langendorfe r ,  1979 ) .  The purpose of Roberton and Langendorfer ' s  ( 1979)  
study was to determine if  proposed deve lopmental sequences for the 
overarm throw were va l i dated i n  a g roup of subjects fo l l owed 
l ongi tud i na lly. Seven subjects , four fema l es and three ma l e s ,  were 
fi l med performi ng a forcefu l overarm throw between the ages of three and 
seventeen years. Devel opmental changes in the movement patterns used to 
throw were s ti l l  occurri ng duri ng ado lescence . I n  general , ma l es 
achie ved more advanced movement patterns , approximatel y  fi ve years 
sooner than t he fema l es .  Fema l e  subjects had sti ll not reached the 
h i ghest l evel of throwi ng for the humerus or forearm by 17 years of age . 
Halverson e t  a l . ( 1982 )  al so found support for deve l opmental change 
i n  the movement patterns used to throw duri ng adol escence . One purpose 
of the i r  s tudy was to assess changes i n  subjects ' throwi ng movements 
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between k i ndergarten and seventh grade . Fi fty-four chi l dren were fi lmed 
duri ng early  ch i l dhood . As seventh graders, thi rty-ni ne of those 
chi l dren were refi l med throwi ng a tenn is  ba l l  as ha rd as possi bl e .  
By seventh g rade, l a rge percentages o f  subjects had sti l l  not 
reached a dvanced l eve l s of throwi ng for each of three body reg ions. 
Agai n ,  advanced movement  patterns genera l l y  appeared in fema l es fi ve to 
si x years l ater than i n  ma l es.  Hal verson et al . ( 1 982 )  proposed that 
these sex d i fferences may have been present because most ma l e  subjects 
reported l y  performed th i s  acti vi ty more frequently than fema l e  subjects. 
Because sex d i fferences have been found i n  the movement patterns 
used to throw, an attempt was made i n  the present study to have an equa l 
n umber of ma l es and fema l es i n  each age group of subjects. Possi b le  sex 
d i fferences i n  the movement patterns used to get out of bed were 
therefore control l ed .  
Movement pattern changes cont i n u i ng during ado lescence have a l so 
been desc ri bed for hoppi ng .  The hopp i ng performance of one ma l e  subject 
was reported at  37 months, at 13  years (Hal verson et a l . ,  197 3 ) , and at 
16  years ( Roberton & Hal verson, 1984 ) .  
There were si gn i fi cant changes i n  the boy ' s  hopping  performance 
between three and 13  years. By 13 years, he was easi ly  projecti ng hi s 
body forward i n  space when compared to hi s performance at  three years. 
By 16  years, however, the boy ' s  a rms were sti l l  not both mov i ng 
synchronously wi t h  h i s  l egs. Synchronous movements of the a rms and l egs 
are consi dered i nd i cati ve of advanced hopp i ng abi l i ty ( Roberton & 
Ha l verson, 1984 ) .  Al though the conc l usi ons  that can be made based on 
one subject  are l imi ted, th i s  subject demonstrated that, as wi th  
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throwi ng , the movement patterns used to hop were sti l l  devel opi ng duri ng 
the adol escent years. 
Age- rel ated di fferences in the movement patterns used by teen-agers 
for �unctional  acti v i ti es. Whether devel opmental changes occur in the 
movement patterns used by adol escents for functional  acti v i ti es has not 
been determi ned .  Age-rel ated di fferences have been found i n  th i s  age 
group , however , in the movement patterns used to rol l from supi ne  to 
p rone ( Boucher , 1988 ) .  The fi rst purpose of Boucher's cross-secti onal 
study was to determine  if movement pattern descri pt ions formed in a 
study of young adul ts ( Ri chter ,  1985 )  were accurate and comprehensi ve 
descri ptors of adol escent rol l i ng movement patterns. The second purpose 
was to determi ne i f  age-rel ated di fferences i n  the movement patterns 
used to rol l corresponded wi th devel opmental sequences proposed from the 
young adul t study. 
Twenty subjects 13 years of age,  thi rty subjects 15 years of age, 
and twenty subjects 17  years of age were vi deotaped duri ng 10 
consecuti ve tri a l s of rol l i ng from sup i ne  to prone ( Boucher ,  1988 ) .  
Movement  patterns were c l assi fi ed for the UE , HT , and LE body regi ons. 
The movement pattern descri ptions, formed in Ri chter ' s  ( 1985 )  study 
of young adul ts, were found to be accurate and comprehensi ve descri ptors 
of the movement patterns used by teen-agers to ro l l .  Age- rel ated 
d i fferences were present i n  the movement patterns used to rol l .  
Ri chter ' s  ( 1985 )  proposed devel opmental sequences for the UEs and LEs 
were not supported because Boucher ( 1988 ) found that the movement 
pattern frequenci es d i d  not vary wi th age i n  a manner consi stent wi th 
the hypothesi zed devel opmental  order. Ri chter ' s  HT sequence proposed 
for young adul ts d i d  recei ve support i n  Boucher ' s  study because the 
observed movement pattern frequenci es d i d  vary wi th age i n  the 
hypothesi z ed order . 
S i nce  age-rel ated d i fferences were found i n  the movement  patterns 
used to rol l , / Boucher ' s  research has i mportant i mpl i cations for the 
present study . Her study i s  the on l y  work known to have demonstrated 
age-rel ated d i fferences i n  the movement patterns used by adol escents to 
perform a ri ghting  task . Whether age-rel ated d i fferences exi st among 
adol escents i n  the movement patterns used to perform other functi onal 
acti v i t i es,  such as gett ing  out of bed , needs to be exami ned .  
Cross- secti onal Versus Longi tudi nal  Devel opmental Research Desi gns 
A si ngl e research desi gn consi derat ion i s  revi ewed i n  thi s sub­
section . The benefi ts and l i mi tati ons of cross-secti onal versus 
l ongi tud i nal research are d i scussed . 
I n  a l ongi tud i nal study , the same i nd i v i dua l s  are exami ned at 
di fferent pOi nts in t i me .  I n  a cross-secti onal study , di fferent age 
groups of i nd i v i dua l s  are exami ned at  the same po i n t  in t ime (Drew & 
Hardman , 1985 ) .  
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Cross-sectional  stUdi es have both benefi ts and l imi tat ions  over 
l ongi tud i na l  stud i es (Drew & Hardman , 198 5 ) .  The major benefi ts are the 
decreased time and expenses i nvol ved because subjects from d i fferent age 
g roups are tested at  a si ngl e poi n t  in t ime. In l ongi tud i nal  stud i es ,  
t he  same i nd i v i dua l s  a re fo l l owed for repeated assessments over a l onger 
period of ti me. Because of the grea ter t ime i nvol ved ,  there are often 
probl ems wi th subjects droppi ng out of l ongi tud i na l  stud i es and wi th  
l ong-term expenses. 
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There are three ma i n  l imi tations of cross-secti onal stud ies. The 
major l i mi tat i on occurs when the data i s  i nterpreted . The d i ssi mi l ar i ty 
between i nd i v idua l s  of d i fferent  ages can on ly  be used to hypothesi ze 
devel opmental sequences (Drew & Hardman,  1985 ) .  Hypothesi zed sequences 
requi re val i dat i on in a l ongi tudi nal study . Al so, to ensure that the 
various sequence l eve l s  a re observed, the age i nterva l s  of subjects must 
be carefu l l y  chosen ( Roberton, Wi l l i ams, & Langendorfer, 1980 ) .  
Fi na l l y, i f  there i s  wide var iation i n  the age of attai nment of l eve l s  
wi th i n  the sequence , the sequence order may not be observed i n  a cross­
sect iona l  study, parti cul arly i f  the age i nterva l s  are sma l l  ( Roberton 
et a l . ,  1980 ) .  
I n  the present  study, 1 1 ,  1 4 ,  and 17 year o l d  adol escents were 
sel ec ted because age-re l ated di fferences i n  the i nci dence of movement 
patterns used to rol l were not great for 1 3 ,  1 5 ,  and 17 year ol d teen­
agers ( Boucher, 1988 ) .  The most common ro l l i ng pattern was the same for 
the 15 and 17 year  ol d teen-agersi  the 13 year  ol d teen-agers d i ffered 
from the ol der teen-agers on ly i n  the LE movements. Age-re l a ted 
d i fferences among teen-agers in the movement patterns used to rol l may 
have been more a pparent i f  a l a rger age range of subjects had been 
studi ed . 
Summary 
Thi s chapter contai ned a review of l i terature perti nent to the 
present study. Wri t i ngs from three major areas were addressed : the 
funct iona l  acti v i ty of ri si ng to stand i ng from supi ne on a bed, 
adol escent motor deve lopment, and cross-sectional versus l ongi tud i na l  
deve l opmenta l research desi gns. 
When phys i cal  therapi sts eval uate and teach a functi onal acti vi ty ,  
s uch  a s  getti ng out of bed , knowi ng both  i f  a pati ent can perform the 
acti v i ty and the movements used are important .  However , the movement 
patterns used to get out  of bed are not the focus  of the functi onal 
assessment i nd i c es revi ewed . In these i nd i ces ,  ord i nal  l evel s of 
measurement are used to i ndi cate how much ass i s tance a person requi res 
to get out of bed or the extent  to wh i ch a person i s  confi ned to bed . 
31 
Few descri ptions of the movement patterns used to get out of bed 
were found i n  the rehabi l i tat ion l i terature. These descr ipt ions are not 
based on research  des i gned to i denti fy movement patterns demonstrated by 
abl e-bod i ed i nd i v i dual s when getting  out of bed . 
The movement patterns demonstrated i n  each  of four  body regi ons 
when getti ng out of bed were recently descri bed in a study of young 
adul ts . A devel opmental sequence of movement patterns for each body 
reg i on was hypothes i zed . These sequences have not been val i da ted , nor 
has the comprehensi veness  of these movement pattern desc ri ptions been 
determi ned for i nd i v i dua l s  i n  other age groups . 
A l though motor performance and movement pattern changes wi th age 
have been demonstrated duri ng the adol escent years for sport acti vi t i es ,  
such changes have not been shown for the movement patterns used to 
perform functi ona l act i v i ti es ,  such as getti ng out of bed . Age-rel ated 
d i fferences have been found , however , i n  the movement patterns used by 
adol escents to rol l  from s upi ne to prone. 
Cross-sectional  stud i es have both benefi ts and l i mi tati ons compared 
to l ongi tudi nal stud i es .  Al though cross-secti onal stud i es i nvol ve l ess 
subject attri t i on , t i me ,  and expense than l ongi tud i na l  stud i es ,  
devel opmental sequences hypothesi z ed i n  a cross-secti onal study 
ul t imately requi re val i dat ion i n  a l ongi tudina l  study. 
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In the present cross-secti onal study , age-rel ated di fferences i n  
the movement patterns used by adol escents to get out of bed were 
exami ned .  Devel opmen ta l  sequences,  hypothesi zed from a study of young 
adul ts getti ng out of bed , were screened . Subject va riabi l i ty across 
tr i a l s was a l so exami ned to determine i f  a l l i nd i v idual s who 
demonstrated variabi l i ty i n  the movement patterns used to get out of bed 
vari ed on ly  to adjacent  steps i n  the proposed sequences. 
Chapter II I 
Methods 
Subject Characteri st i cs  
Abl e- bod i ed 1 1 ,  1 4 ,  or 17 year ol d adol escents were subjects i n  the 
present study . An attempt was made to have an equal number of ma l es and 
femal es in eac h  age group .  I nd i v i dua l s  were exc l uded from thi s study 
i f ,  dur ing  verbal questi on i ng ,  any orthoped i c ,  neurologi c ,  or 
card i opul mona ry cond i ti on was reported that cou l d  have i nterfered wi th 
thei r a bi l i ty to come to stand i ng from supi ne  on a bed . 
Subjects were recrui ted from publ i c  or pri vate school s and a Church 
youth g roup in the greater Ri c hmond , Vi rg i n i a  area .  A school princi pal , 
teacher , or youth mi n i ster was contacted by tel ephone or l etter ( see 
Appendi x  A )  expl a i n i ng the purpose and nature of thi s study and ask ing 
permi ssion to recru i t  students or youth group members as subjects. If a 
l etter was ma i l ed ,  a fo l l ow-up phone ca l l  was made 10 days after 
ma i l i ng .  After the contact person agreed to a l l ow the students or youth 
g roup members to part i c i pate, a rrangements were made, at  eac h  
pri nci pa l ' s , teacher' s,  o r  mi n i ster ' s  di scret ion , t o  schedul e  
v ideotap i ng  t imes and l ocations. Potent ia l  subjects were g i ven ,  or 
parents/guard i ans  of potenti a l  subjects were ma i l ed ,  a parental /guard i an 
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l etter and consent form ( see Appendi x B ) .  Parents/guardi ans were as ked 
to s i gn and return the consent form to the i r  son/daughter ' s  teacher or 
youth mi n i ster or di rect ly  to thi s i nvest i gator. I n  addi t ion to 
parenta l /guard i an consent .  a l l subjects were asked to read and s i gn a 
s ubject consent form ( see Appendi x C )  at  the t ime of data col l ect ion .  
Data Co l l ect i on 
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Equ i pment .  One  RCA CMR300 Pro Wonder V i deo Camcorder and one 
Nat ional  PK-956N Co l or Vi deo Camera mounted on tri pods we re used to 
v i deotape s ubjects performi ng the tas k  of getti ng out of bed .  Each 
camera was equi pped wi th an automat ic  focus . a power zoom l ens . and an 
e l ectron i c  v i ew fi nde r .  The v i deo camera was connected to a n  Avatar PS-
20S V i deo Camera Power Supply and ei ther a Sharp XA- 1 10 Vi deo Cassette 
Recorder ( VCR )  or  Panason i c  PV- 1560 Omn i vi s i on VCR. 
The same bed was used duri ng each vi deotapi ng sess ion . Thi s 
standard twi n s i ze bed measured approximate ly  1 . 88 m l ong by . 96 m wi de 
by . 51 m h i g h .  A caster was pl aced under each wheel of the bed frame to 
mi n im ize  movement of the bed .  Sheets were used to cover the mattress . 
A covered . standard s i ze pi l l ow was pl aced at the head of the bed .  
Layout of data col l ection s i te .  Two cameras were used duri ng 
v i deotaping  to obta i n  compl ete v i ews of subjects gett i ng out of bed . A 
s i de v i ew camera was pos i t i oned perpend i c ul a r  to the l ength of the bed .  
A foot v i ew  camera was pos i ti oned perpend i c u l ar to the wi dth of  the 
bed .  The cameras were pos i ti oned approxi mate ly  7 . 2  m and 6 . 2  m from the 
center of the bed for the s i de and foot v iew cameras respecti ve ly .  The 
di stance from the fl oor to the camera l ens ' center was approxi mate ly 
. 87 m for t he s i de vi ew camera and approxi mate ly  . 93 m for the foot 
vi ewcamera . A board wi th two sets of numbers was pl aced wi th i n  v iew of 
both cameras to i denti fy subject and tri a l  numbers ( see F i gure 8 ) .  
The camera di stances were s imi l a r  to , but not i denti cal to , those 
u sed by Sarnacki  ( 1985 ) .  I n  her study , a s i ngl e fi lmi ng s i te was used . 
I n  the present study ,  s i x  di fferent v ideotapi ng s i tes were used . The 
camera d i stances were a l tered to accommodate the room s i ze at the fi rst 
data col l ec�ion s i te and to sti l l  have subjects in the fi e l d  of v iew as 
they rose from the bed .  Ori g i na l l y ,  th i s  i nvesti gator pl anned to have 
subjects ri se toward the ri ght s i de of the bed as i n  the young adu l t  
s tudy ( Sa rnacki , 1985 ) .  However , because the tap i ng s i te at  the fi rst 
school necessi tated that subjects r i se toward the l eft , al l subjects 
were a s ked to ri se toward the l eft s i de of the bed .  
Procedures . Thi s i nvesti gator and assi stants co l l ected the data . 
The purpose and procedures of the study were fi rst expl a i ned to the 
subject . To ens ure consi stency in the i nstructi ons , a s ubject 
i n s truction checkl i st ( see Appendi x D) was compl eted for each 
part i c i pant .  After any of the subject ' s  quest ions regard i ng the study 
were answered , the s ubject was asked to read and s i gn a consent form 
( see Append i x  C ) .  I f  parti c i pants asked how they shou ld  get u p ,  they 
were tol d  to "Just get up  as fast as  you can . " 
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Each subject was asked to remove s hoes and socks and to l i e  supi ne 
i n  the center of the bed wi th the arms at the s i des of the body . Before 
the fi rst tr ia l , the s ubject was asked to perform the tas k  qu i ck ly i n  
order to mi n i mi ze t i me  for thi nk ing  about the form o f  the movements used 
duri ng  the acti vi ty ( VanSan t ,  1988 ) .  Part i c i pants were a l so tol d before 
the i r  fi rst tr ia l  that they cou l d  request a brief rest  between tri a l s .  
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Board wi th Subject 
& Tri a l  # ' s  
---- 1 . 88 m ---<0 
I Ot------6 . 2  m----+------, Bed . 96 m 
Foot V i ew 
Camera 
7 . 2 m 
S ide  V i ew 
Camera 
Figure 8 .  Overhead V i ew o f  V i deotapi ng Si te (Not drawn to sca l e ) .  
I 
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Two conrnands , "ready" and "go , "  were g i ven by the i nvest i gator. On 
the cOll111and " ready , "  v i deo- record i ng was started or was in process , and 
on the cOll111and "go , "  the subject rose from the bed toward the l eft s i de 
as rap id ly  as possi bl e and rema i ned stand i ng unti l asked to l i e bac k  
down . Ten consecuti ve tri a l s were v i deotaped . Un l ess a rest  was 
requested , the i nterval between tri a l s was genera l l y  equ i va l ent to the 
t ime requ i red to turn to the next tr ia l  number and for the subject to 
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return to the supine  pos i t ion on the bed .  
No v ideotaped tri a l s were l ost duri ng data col l ect ion . Some tri a l s  
were revi deotaped because o f  i nvesti gator error ,  a fa l se start by the 
subject ,  or a mi sunderstandi ng by the s ubject of the task  to be 
performed . A l i s t of these errors and the correspond i ng tri a l  numbers 
on the vi deotapes are conta i ned i n  Appendi x E .  
Da ta Reduc t i on 
Tra i n i ng for data reduct ion .  To become competent c l assi fyi ng 
movement patterns u s i ng Sarnac ki ' s  ( 1985 )  categori es , th i s  i nvesti gator 
revi ewed Sarnacki ' s  fi l ms of young adu l ts getti ng out of bed whi l e  
studying  the movement pattern descri ptions for each o f  the four body 
reg i ons ( see Tabl es  1-4 ) .  Fi fty tri a l s from Sarnacki ' s  fi l ms of young 
adu l ts were then randomly sel ected by thi s i n vesti gator .  The movement 
patterns of each body reg ion observed on these tri a l s were i ndependently 
c l ass i fi ed by the thes i s di rector and thi s i nvesti gator .  
Thi s  i nvesti gator ' s  resul ts were compared to  those of the  thes i s  
di rector to determi ne percent exact agreement c l a s s i fying  movement 
patterns for each of the four body reg i ons . Sarnakci ( 1985 )  and the 
thes i s  di rector achi eved approximate ly  88% to 97% exact agreement 
c l ass i fyi ng movement patterns for each of the four  body reg ions . In  the 
present study .  i f  l ess  than 85% exact agreement was obta i ned . 
d i screpanci es were i denti fi ed . and any mi s i nterpretati ons of the 
movement pattern descri ptions were corrected .  Add i t i onal  sets of 50 
randomly se l ected tria l s  were c l assi fi ed by both raters unt i l  at l east 
85% exact agreement was reached for each body reg i on .  
Movement pattern c l assi ficat i on .  V i deotapes were revi ewed and 
analyzed u s i ng a tel ev i s i on mon i tor and VCR wi th stop action . s l ow 
motion p l aYbac k capabi l i ti e s .  To categori ze the movement patterns 
demonstrated by each subject when stand i ng from supi ne on a bed . the 
movement pattern descri ptions found i n  Tables  1-4 were used . The 
movement patterns of the LUE and the HT were c l a s s i fi ed from the s ide 
v iew vi deotapes .  The movement patterns of  the RUE and the LEs were 
c l ass i fi ed from the foot v iew v ideotapes .  When c l assi fi cat ion of a 
movement pattern cou l d  not be determi ned . the foot view vi deotapes were 
revi ewed for the LUE and the HT . and the s i de vi ew vi deotapes were 
rev iewed for the RUE and the LEs . 
Beg i nn i ng wi th the LUE . the fi rst tri a l  of a l l subjects was 
c l ass i fied . fol l owed by the second tri a l  of a l l subjects . etc . unti l al l 
s ubjects ' LUE movement patterns had been c l a s s i fi ed .  Thi s procedure was 
u sed to m in im ize  i n vesti gator b ias . As needed , dec i s i on ·rul es were 
wri tten to further di sti ngu i s h  movement pattern di fferences . The new 
dec i s i on ru les  and Sarnacki ' s  ( 1985 ) dec i s i on ru les  that were u sed to 
a s s i st  wi th movement pattern c l ass i fi cation appear in Appendi x F .  If  
movement patterns were observed that cou l d  not be  c l ass i fied u s i ng one 
of the exi st ing  descri ption s .  those movement patterns were descri bed i n  
wri t i ng .  Th i s  data reduction procedure was repeated for each of  the 
other three body reg ions .  
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Objecti vi ty and rel i abi l i ty. After data reduct ion was comp leted . 
i nter- rater objecti vi ty c l a s s i fying the ado l escent movement patterns was 
e xami ned for each body regi on .  Data from 60 tri a l s  o f  the adol escent 
data were randomly sel ected by thi s i n vesti gator and c l a s s i fi ed by the 
t hes i s  d i re ctor. These resu l ts were compared to the ori g i na l  
categor i zations of the  i nvesti gator. If  l ess than 85% exact agreement 
was obta i ned , d i screpanc i es were i denti fied , and any mi s i nterpretat ions 
of the movement pattern descri ptions were c l ari fi ed .  I f  needed , 
a dd i t i onal or revi sed dec i s i on rul es ( see Appendi x  F )  were wri tten by 
the thes i s  d i rector and thi s i nvesti gator to ass i st wi th movement 
pattern c l ass i fi cat ion .  Thi s i nvesti gator then repeated the data 
reducti on process for any body reg ion wi th l ess than 85% exact 
a greement .  I nter- rater objecti vi ty was reexami ned unti l a t  l east  85% 
e xact agreement was obta i ned for each reg ion .  Kappa stati st ics  ( Cohen , 
1960 ) were ca l cu l ated to estimate i n ter-rater  rel i abi l i ty for each body 
reg i on .  
Intra-rater objecti vi ty was a l so exami ned . Thi s i nvesti gator 
rec l as s i fied  the data from the same randomly sel ected 60 tri a l s  used to 
determi ne i nter-rater objecti vi ty .  These resu l ts were compared to the 
ori g i na l  categori zat i ons of the i nvestigator ,  and percent exact 
agreement was determi ned for each body reg i on .  
Data Ana lys i s  
Sub-question . I n  order to answe r the ma i n  question of th i s  study , 
the fol l owing  sub-question was answered fi rst :  "Are descri ptions o f  the 
movement patterns used by young adu l ts when r i s i ng to standi ng from 
supi ne on a bed ( Sarnacki , 1985 )  comprehensi ve desc ri ptions of the 
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movement patterns used by adol escents performi ng the same tas k? "  To 
answer thi s  question . the movements demonstrated by subjects i n  the 
present study were ana l yzed to determi ne if a l l movements cou l d  be 
c l assi fi ed u s i ng  the adul t descr ipt ions ( see Tab les  1-4 ) .  I f  a l l 
movement pattern s cou l d  be c l ass i fi ed .  the patterns were comprehensi ve 
representat i ons  of the movements used by adol escents for that body 
reg ion ( s ) .  I f  movement pattern descri ptions needed to be added . the 
patterns were not comprehensi ve representations of the movements used by 
ado l escents for that body reg i on ( s ) .  
Ma i n  quest ion . The ma i n  questi on was .  "Are there age- re l a ted 
di fferences i n  the movement patterns exhi bi ted by adol escents when 
r i s i ng to stand i ng from supi ne on a bed that  correspond to deve lopmental 
sequences proposed from a previous study of young adu l ts ( Sarnack i . 
1985 ) 1 "  To answer thi s question . four steps were fol l owed . For each 
body reg i on . the percent occurrence of each movement pattern was 
computed across a l l tri a l s  wi th in  each age group.  Percent occurrences 
of these patterns were presented in tab les  and graphed wi th respect to 
age to i l l ustrate age-rel ated movement pattern di fferences . The ta bl es 
and g raphs were exami ned to determi ne if younger subjects demonstrated , 
wi th a g reater frequency than ol der  subjects . movement patterns 
hypothes i zed to predomi nate earl i er .  Simi l ar ly .  the tab les  and graphs 
were exami ned to determi ne i f  o l der subjects demonstrated . wi th a 
greater frequency than younger subjects . movement patterns hypothesi zed 
to predomi nate l ater .  
Question two . The second questi on was .  "What i s  the most common 
combi nation of RUE . LUE . HT . and LE movement patterns used by each age 
g roup of adol escents to ri se to stand i ng from supi ne on a bed? "  To 
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answer th i s  questi on . the movement pattern combi nations observed across 
each of a subject ' s  tria l s  were fi rst presented in tab les  for each age 
g roup.  The percen t occurrence of each observed movement pattern 
combi nation was then ca l cu l a ted and presented i n  tab les  for each age 
g roup across a l l tr i a l s .  The most common movement pattern combination 
across a l l tri a l s for each age group was l ast ly i denti fied . i l l ustrated , 
and compared across age g roups . 
Quest ion three . The final  question was ,  "Does i ndi v i dua l 
vari abi l i ty i n  the movement patterns used to r ise  to stand i ng from 
sup i ne on a bed support the hypothesi s that a l l i ndi v idua l s  progress 
through the proposed devel opmental sequences in the same order?"  I ntra­
subject vari abi l i ty was exami ned to answer thi s  quest ion .  Once the 
number of subjects who varied movement patterns wi thin  a body reg ion was 
determi ned , th i s  i ntra-subject vari abi l i ty was exami ned to determi ne i f  
any i nd i v i d ua l s  va r ied to non-adjacent movement patterns i n  the 
hypothesi zed sequences . The number of subjects who varied among non­
adjacent patterns and the movement patterns to whi c h  they varied were 
determi ned for each body reg ion and presented i n  tabl e s .  
Chapter I V  
Resul ts 
The fi ndi ngs of th i s  study a re presented in thi s chapter .  After 
revi ewi ng subject characteri st ics  and the resul ts of objecti vi ty and 
re l i abi l i ty tests . the questions of thi s study are addressed . F i rst the 
sub-question , "Are descri ptions of the movement patterns used by young 
adu l ts when r i s i n g  to stand i ng from supi ne on a bed comprehens i ve 
descri ptions of the mo vement patterns used by adol escents performing the 
same task?"  i s  answered . The ma i n  questi on is addressed next : "Are 
there age- re l a ted di fferences i n  the movement patterns exhib i ted by 
ado l escents when ri s i ng to stand i ng from supi ne on a bed that correspond 
to devel opmenta l sequences proposed from a previous  study of young 
adu l ts ? "  The next questi on . "What is  the most common combinat ion of 
RUE , LUE , HT, and LE movement  patterns used to get out of bed by each 
age group?"  i s  then answered . F ina l l y .  the quest ion "Does i n d i vidua l  
vari abi l i ty i n  the movement patterns used when getti ng out  of  bed 
support the hypothesi s that al l ind i v idua l s  progress through the 
proposed deve l opmental sequences in the same order?"  i s  addressed . 
Subject Characteri st ics  
The sampl e cons i sted of  s i xty-two adol escents : twenty ,  1 1  years of 
age ; twenty-one . 14 years of age ; and twenty-one . 17 yea rs of age . One 
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14 year ol d fema l e  was e l i minated from data ana lysi s because of a 
reported l eft wri st fracture four weeks prior to the v i deotapi ng 
sess ion .  One  17 year o ld  ma l e  was a l so e l imi nated from data ana lys i s  
because o f  a reported h i story o f  se i zure s .  
O f  the rema i n i ng s i xty ado l escents .  there were 1 0  fema l es and 10 
ma l e s  i n  the 1 1  year o l d  group .  11 ma l es and 9 fema l e s  in the 14 year 
o l d  group .  and 9 ma l es and 11 femal es in the 17 year old group .  The 
mean age . age range . and standard dev iat ion are reported fo r each group 
in Tab l e  5 .  
Inter- rater Objecti v i ty Pri or to Data Reduction 
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Greater than 85% exact agreement was achi eved by the thes i s  
d i rector and thi s i nvesti gator c l assi fyi ng the movement patterns o f  each 
body reg ion  from 50 tri a l s  randomly sel ected from Sarnac ki ' s  ( 1 985 )  
fi l ms of  young adu l ts gett i ng out  of  bed . The percen tages of  exact 
agreement between the c l assi ficati ons of the thesi s d i rec tor and th i s  
i nvesti gator for the FUE . NUE . HT . and LEs were 88% . 88% . 94% . and 90% . 
respecti vely .  
Objecti vi ty and Rel i abi l i ty 
E i g hty-fi ve percent or better exact agreement was achi eved between 
the thes i s  d i rector and thi s i nvesti gator on the fi rst objecti vi ty test 
for the FUE . NUE . and LEs us i ng the v i deotapes of adol escents . The HT 
reg i on requ i red two separate objecti v i ty tests .  I n ter-rater object i v i ty 
c l assi fying the movement patterns from 60 randomly selected tri a l s  was 
95% . 85% . 90% . and 86 . 5% exact agreement for the FUE . NUE . HT . and LEs . 
Tab l e  5 
Sampl e  Mean Age , Age Range , and Standard Devi at ion 
A!e Grou� Mean Age 
Yrs) a 
1 1  1 1  Yrs 3 . 2  Mos 
14  14  Yrs  5 . 8  Mos 
17 17 Yrs 6 . 4  Mos 
Note . � = 20 for each age g roup .  
a Yrs = Years .  b Mos = Months .  
Age Range 
1 1  Yrs 0 . 5  Mos 
to 
1 1  Yrs  9 . 6  Mos 
14 Yrs 0 . 5  Mos 
to 
14 Yrs 1 1 . 0  Mos 
17 Yrs 1. 3 Mos 
to 
17 Yrs 1 1 .  9 Mos 
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Standard Devi at ion 
(MOS) b 
2 . 6 
3 . 4  
3 . 0  
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respecti ve ly .  To estimate the extent of  agreement not due  to  chance , 
Kappa stat i st ics  ( Cohen , 1960 ) were ca l cu l ated . The val ues of Kappa for 
the FUE , NUE , HT , and LEs were 0 . 9 1 ,  0 . 7 6 ,  0 . 89 ,  and 0 . 82 ,  respecti ve ly .  
Th i s  i nvesti gator ' s  i ntra-rater objecti v i ty was a l so determi ned . 
The percentages of exact agreement between the fi rst and second 
categori zati ons by thi s i nvesti gator were 98% for both the FUE and the 
NUE , 93 . 3% for the HT , and 85% for the LEs . 
Movement Pattern Comprehensi veness 
I n  thi s sect ion , the question regard i ng the compre hensi veness for 
adol escents of Sarnacki ' s  ( 1985 ) descri ptions of the movement pattern s 
used by young adu l ts to get out of bed i s  addressed . Beg i nn i ng wi th the 
FUE , thi s questi on i s  an swered separate ly  for each body reg i on .  
Far upper extremi ty. No new movement pa tterns were descri bed for 
the FUE . Al l movement patterns were c l a ssi fied ( see Append ix  G )  u s i ng 
the categories  presented i n  Tabl e 1 and the dec i s i on rul es outl i ned i n  
Appendi x  F .  
Severa l subjects who varied from Sarnacki ' s  ( 1985 ) descr iptions of 
FUE act i on were observed.  One subject was noted to push fi rst on the 
i ps i l ateral s i de of her body as she moved toward s i tti ng .  She then 
reached across  in front of her trunk  to push the second t ime on the 
opposi te s i de of her body before ri s i ng to stand i ng .  Four  subjects , i n  
a total o f  1 0  tri al s ,  were observed to push on the i r  th ighs  i nstead of 
the bed before ri s i ng to standi ng .  New dec i s i on ru l es ( see Append i x  F ,  
Numbers 2 ,  3a , and 3b for the FUE ) were wri tten to ass i st  i n  the 
objecti ve c l assi fi cati on of these movement patterns .  
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Near upper extremi ty. One new movement pattern category wa s formed 
for the NUE . Two subjects , i n  one tri a l  each , were observed to l i ft the 
NUE off the bed and reach forward , never push ing  or grasp ing  on the 
bed . Thi s pattern was s i mi l ar to Sarnack i ' s  Li ft or L i ft and Reach 
pattern for the FUE ( see Tabl e 1 ) .  Thi s new pattern i s  i l l ustrated i n  
F i gure 9 .  The categorical  descr i pt ion of th i s  movement pattern appears 
in Tabl e 9 .  
To more object i ve ly  categori ze the adol escent NUE movement 
patterns , four  addi t i onal  dec i s i on ru les  ( see Appendi x F, Numbers 1b ,  
1c , 2 ,  and  3b for the  NUE ) were generated . Two dec i s i on ru l es were 
wri tten to categori ze the movement patterns of subjects who l i fted the 
NUE before push ing  but d i d  not appear to move the NUE toward the head of 
the bed .  A thi rd dec i s ion rule  was wri tten to categori ze the movement 
patterns of subjects who grabbed the i r  l e g ,  not the bed , as they pushed 
toward s i tt i n g .  The fourth dec i s i on rul e was wri tten to ca tegori ze the 
movement patterns of subjects who had the i r  wri st i nstead of the i r  hand 
as  t he l ast  part of the NUE to l eave the bed .  
Head and trun k .  N o  new movement patterns were descri bed for the HT 
reg i on .  However , a l a rge proport ion of subjects demonstrati ng the 
Lateral Rol l  pattern appeared to rol l compl ete ly  toward s i de1yi ng u s i ng 
l ess  trunk f lexion ( see F i gure 10 ) than was apparent on the fi l ms of 
Sarnacki ' s  young adul ts whom s he c l assi fi ed as Latera l Rol l .  Even 
though  the thes i s d i rector and thi s i nvesti gator met the 85% objecti vi ty 
cr i terion on the second objecti vi ty test ,  three of the four HT 
categori e s  were rewri tten ( see Tab le  10 ) to better descri be the movement 
patterns and to ma ke them more general i zabl e .  
F igure 9 .  I l l ustration  of the Near Upper Extremi ty L ift and Reach 
Movement Pattern ( Su bject 38, Tri a l  6 ) .  
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Tabl e 9 
Near Upper Extremi ty Movement Pattern Categories , I nc l ud i ng the L ift and 
Reach Pattern Observed in Thi s Study 
1 )  Lateral L i ft and Pus h :  The upper extremi ty l i fts or s l i des on the 
s upportl ng surface toward the head of the bed . The enti re upper 
extremi ty , or some part of i t ,  i s  pl aced on the bed and pushes unti l the 
extremi ty i s  i n  the extended or nearly extended posi tion , and the hand 
i s  the on ly part of the extremi ty rema i n i ng on the bed .  The hand l i fts , 
and the extremi ty may be used as a ba l ance ass i st ( From Sarnack i , 1985 ) .  
2 )  Grasp and Pus h :  The upper extremi ty s l i des or l i fts to pos i t i on the 
hand to gras p the edge of the bed .  The enti re upper extremi ty ,  or some 
�art of i t ,  pus hes down on the bed whi l e  the hand gri ps on the edge . 
The upper extremi ty l i fts and may be used as a bal ance assi st ( From 
Sarnack i , 1985 ) .  
3 )  Push : The enti re u pper extremi ty ,  or some part of i t ,  pushes i nto 
the oea: The extremi ty l i fts from the bed and may be used as a ba l ance 
a s s i st ( From Sarnac k i , 1985 ) .  
4 )  Li ft and Reach : The upper extremi ty i s  l i fted off the bed wi thout 
pushl ng .  The extremi ty may be used to reach forward and/or as a bal ance 
a s s i s t .  
49 
F i g u re 1 0 .  Subj e c t  I l l u s t rat i n g a Latera l Ro l l  Pa ttern i n  the Hea d  a n d  
T ru nk Reg i on . Note the  Mi n i ma l  Amo u n t  o f  T runk Fl e x i o n  U s e d  t o  Move 
Towa rd S i d e-fac i n g .  T h i s  G i r l  wa s Typ i c a l  of Ado l escents  Demon s tra t i ng 
the Latera l  Ro l l  Pa ttern ( Sub ject  39 , Tri a l  3 ) .  
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Tab l e  10 
Revi sed Head and Trun k Movement Pattern Categories 
1)  Pel vi s Lead i ng: The l ower trunk rotates to the s ide .  At s i de lyi ng , 
the upper side of the pe l vi s  drops to the bed , and the trunk  l i fts and 
turns  toward s i de fac i ng . The subject may be i n  a symmetri cal  s i tt i ng 
posture before standi ng ( From Sarnacki , 1985 ) .  
2 )  Lateral  Rol l : The head and trunk  turn toward the s ide fac i ng 
pos ition with min i ma l  fl exi on toward the foot of  the bed . In  the s i de­
fac i ng pos i t i on ,  one buttock i s  off the bed , and the s houl ders and 
pe l vi s  a re a l i gned and d i spl aced toward the head of the bed . When the 
buttoc ks come off the bed , the head and tru n k  may be di spl aced towa rd 
the head of the bed , or the subject may be in a symmetrical sittl ng 
posture .a 
3 )  Rol l -Off : The head and trun k tl ex and turn toward s i de fac ing  wi th 
the we l ght shi fted to one buttock .  Just before both buttoc ks come off 
the bed , the head and trun k are di spl aced toward the head of the bed 
through l atera l  fl exion and/or rotation . 
4 )  Come to Si t :  The head and trun k f l e x  symmetri ca l l y  or fl ex and tu rn 
toward s1de fac ing  by pi vot ing  on  one or  both buttoc ks . c Just before 
both buttoc ks come off the bed , the trunk i s  i n  a symmetri cal s i tt i ng 
pos ture , though i t  may be flexed forward .  
aThe words underl i ned i ndi cate changes made i n  Sarnack i ' s  ( 1 985 )  
b 
ori g i na l  descri pti on of the Latera l Ro l l  pattern . The Ro l l -Off pattern 
was revi sed by e l im inat ing  the fol l owi ng sentence : " I n the s i de-fac i ng 
posi t ion ,  the pel v i s may drop to a l eve l pos i t i on . "  
cThe Come to Si t 
pattern was revi sed by e l i mi nating  the fol l owi ng sentence : " I f  the 
trunk  pi vots on one buttoc k ,  the pe l v i s  may drop to a l eve l posi t ion 
before stand i ng . " 
I n  add i t i on to the movement pattern revi s i ons , fi ve dec i s i on rul es 
( see Appendi x  F for the HT) were generated or modi fied .  Two dec i s i on 
ru l es ( see Append i x  F ,  Numbers la and 1b  for the HT ) were generated to 
d i st ingu i sh the lateral Rol l pattern from the Ro l l -Off and Come to S i t  
pattern s .  I n  the l atter two patterns , the s ubjects turned toward s i de­
fac i ng wi th more fl exion of the trun k than was seen in subjects who 
demonstrated a lateral Rol l  pattern . Sarnack i  ( 1985 ) had di sti ngu i shed 
the latera l Ro l l  and Rol l -Off patterns based upon when the ti p of the 
s hou l der furthes t from the s i de-vi ew camera fi rst appeared . I n  the 
dec i s i on ru l es generated as a res u l t  of thi s  study ,  the categories were 
d i st i ngu i s hed by observi ng i f  there was a space between the NUE and the 
trunk when the s ubject fi rst reached s i de-fac i ng .  The rema i n i ng three 
dec i s i on s  ru les  ( see Append i x  F ,  Numbers 2a-c for the HT) were 
modi fi cations of Sarnack i ' s  ( 1985 )  dec i s i on ru l es to di sti ngu i sh the 
Ro l l -Off and Come to S i t  movement pattern s .  
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The data from thi s study were rec l ass i fied for the HT reg ion after 
the categori ca l  descr i pti ons  and dec i s i on ru les  were revi sed . Intra­
rater and i nter-rater object i vi ty tests were repeated u s i ng 100 randomly 
sel ected tri a l s  from t h i s  study ' s  data , Sarnacki ' s  ( 1985 )  data , and a 
data set generated by Ford-Smi th ( i n  progress ) .  These three data sets 
were u sed to a s sess  the genera l i zabi l i ty of the revi sed HT categori es 
and dec i s ion rul e s .  To determi ne th i s  i nvesti gator ' s  i ntra -rater 
objecti v i ty u s i ng the revi sed descr i pt ions and dec i s i on rul es , thi s  
i nvesti gator recategori zed the 100 tri a l s one wee k  l ater. 
The percentage of exact agreement between the c l assi fi cati ons of 
the thes i s d i rector and thi s i nvesti gator was 88% .  The va l ue o f  Kappa , 
ca l cu l ated to estimate i n ter-rater  rel i abi l i ty ,  was 0 . 76 .  I ntra- rater 
objecti v i ty was 97% .  
Lower extremi ti es . No new movement patterns were i denti fied for 
the LEs . and no new dec i s ion ru l es ( see Appendi x  F )  were wri tten . The 
t hesi s d i rector observed two vari ati ons . wh i ch may represent new 
movement pattern s .  One i n vol ved the use o f  excess i ve flexi on o f  the LE 
on the s i de toward wh i ch the subject was r i s i ng as thi s LE was l i fted 
off the bed . Thi s  i nvesti gator rev iewed Sa rnacki ' s  fi l ms and fel t  that 
thi s movement was not a new pattern because the movement cou l d be 
categori zed i nto exi st ing categories  and was s imi l ar  to the movements 
demonstra ted by subject 13. tri a l  two and subject 27 . tri al s s i x  and 
n i ne i n  Sarnac ki ' s  study. An examp le  of th i s  exaggerated fl exion 
movement i s  i l l u s trated in Fi gure 1 1 .  
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The second var iat ion i nvol ved the use of excess i ve i nternal  
rotat ion of the far l ower extremi ty . the LE oppos i te the s ide toward 
wh i ch the subject was r i s i ng .  as thi s LE moved across the bed . Thi s 
i nternal rotat i on a t  the h i p  was often combi ned wi th f lexion at the 
knee .  Because th i s  movement cou l d  be c l a s s ifi ed i nto the pre-exi sti ng 
categori es . based on the re l ati ve pos i t i on of the LEs throughout the 
movement from supi ne to stand ing . a new movement pattern descri ption was 
not devel oped by thi s i nvesti gator .  An exampl e  of th i s  movement i s  
i l l ustrated i n  F i gure 1 2 .  
Summary. No new movement patterns were identi fi ed i n  the FUE . HT . 
and LE body reg ions . Three of the four  HT movement  pattern descript ions 
were revi sed . however .  to better descri be the ado lescents ' movement 
pattern s .  For the NUE reg ion .  one new movement pattern was i denti fied . 
A categori ca l  descr i pt ion was generated for thi s NUE movement pattern 
whi ch was named L ift and Reach . 
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F i g u re 1 1 .  I l l u s t ra t i on of Exa ggera ted F l e x i on Movemen t of the Lead i n g 
Lowe r Extremi ty ( The moveme n t  wa s c a tego r i zed  a s  2-Async h ronou s Wi th  Leg 
Exten s i o n .  Trac i ng f rom Subject  48 , Tri a l  8).  
F igu re 1 2. I l l u s t ra t i on o f  Exce s s i ve I n te r n a l  Rota t i on of  the  Ri g h t  
Lowe r Extrem i ty .  ( The moveme n t  wa s ca tego r i zed a s  2-Async h ronous  W i t h  
L e g  Exte n s i o n .  Trac i n g f rom Subject  36 . T r i a l  2. ) 
5 4  
Age-rel ated Movement Pattern D i fferences and Hypothes i zed Devel opmental 
Sequences 
The ma i n  purpose of thi s study was to determi ne i f  there are age­
rel ated di fferences i n  the movement patterns exh i bi ted by adol escents 
when r i s i ng from a bed whi c h  correspond to deve l opmental sequences 
proposed by Sarnacki ( 1985 ) from her study of young adu l ts .  Beg inn i ng 
wi th the FUE , the presence of age-re l ated movement pattern di fferences 
i s  d i scussed separate ly  for each body reg ion .  How these age-re l ated 
movement pattern di fferences correspond to Sarnack i ' s  hypothesi zed 
sequences i s  d i scussed in Chapter V .  
Far upper extremi ty. The movement pattern deve lopmental order 
hypothes i zed by Sarnacki  ( 1985 ) for the FUE was Latera l L ift and Push , 
fol l owed by Push , Doubl e Pus h ,  Li ft and Push ,  and fi nal ly  L ift or Lift 
and Reach . The observed frequency of occurrence of each movement 
pattern i s  presented in Tabl e 11 and graphed in F i gure 1 3 .  
Latera l L ift and  P u sh  was t he  l east frequently observed movement 
pattern in a l l three age groups . Thi s  pattern occurred at a very l ow 
frequency i n  l l-year-ol ds and was not observed i n  14- or 17-year-ol ds .  
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Push was the second most common movement pattern i n  al l three age 
groups . Thi s movement pattern occurred wi th equal frequency i n  1 1- and 
14-year-o lds  and was seen at  i ts hi ghest frequency in 17-year-ol ds .  
The most  common movement pattern i n  a l l three age groups was Doubl e 
Push .  Thi s  pattern occurred at a h igh  frequency i n  a l l  three age 
groups . The frequency was greater in 14-year-olds  than in l l-year-ol ds 
and was seen wi th a sharply reduced frequency i n  17-year-ol ds .  
L i ft and Push was the thi rd most common pattern i n  a l l three age 
groups . The frequency of occurrence of thi s movement pattern was 
Tabl e 1 1  
Far Upper Extremi ty Movement Pattern Percent Occurrence (%) 
Movement Pattern Category a 
1 1  
% 
I -La teral  L i ft and Push 1 . 5  
2-Push 16 . 5  
3-Doubl e Push 7 2 . 0  
4- L i ft and Push 8 . 0  
5- L i ft o r  Li ft and Reach 2 . 0  
Tota l : 100 . 0  
Note . � = 200 tr i a l s for each age g roup .  
Age Group ( Years ) 
14  
% 
o 
16 . 5  
83 . 0  
0 . 5  
0 . 0  
100 . 0  
17 
% 
o 
20 . 0  
63 . 5  
1 3 . 0  
3 . 5 
100 . 0  
a The categori e s  are l i sted i n  the devel opmental order hypothesi zed by 
Sarnacki ( I985 ) .  
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greater i n  1 1 - than 14-year-ol d s .  The frequency was l ess i n  14- than 17-
year-ol d s .  
L i ft or L ift and Reach occurred at  a very sma l l  frequency i n  1 1-
and 17-year-ol ds . Thi s pattern was not observed among the 14-year-o lds  
i n  thi s study .  
Near  upper extremi ty. Tab le  12  and F igure 14  report and i l l ustrate 
the observed frequency of NUE movement patterns for each age group .  
Sarnacki  ( 1985 )  hypothes i zed that the NUE movement patterns woul d become 
predomi nant i n  the fol l owi ng order :  Latera l  L ift and Push , Grasp  and 
Push ,  and Pus h .  
The frequency o f  occurrence o f  Lateral L ift and Push was h i gher i n  
l l -year-ol ds than i n  14- and 17-year-ol ds . The frequency was 
approximately the same i n  14- and 17-year-o l ds .  
Grasp and Push was l ess common i n  l l-year-ol ds than i n  14- and 17-
year-olds . Grasp  and Push was the most common movement pattern i n  14-
year-ol ds and was the second most common movement pattern among 11- and 
17-year-ol d s .  
The P u s h  pattern occurred at a hi gher frequency wi th each 
success i ve ly  o l der  age g roup . I n  1 1 - and 17-year-ol ds , Push was the 
most common movement pattern , sl i ghtly more common than Grasp  and Pus h .  
I n  14-year-ol ds , Push was the second most common movement pattern . 
Li ft and Reach occurred at a very sma l l  frequency i n  1 1- and 17-
year-ol ds .  Th i s  movement pattern was not observed in  14-year-ol ds . 
Head and trun k .  Tab le  13  l i sts and F igure 1 5  i l l u strates the 
percent occurrence of each HT movement pattern for each age group .  
Sarnac ki ( 1985 )  hypothesi zed that Pe l vi s  Lead i ng wou l d  be the fi rst HT 
pattern to predomi nate , fo l l owed by Lateral Ro l l ,  Ro l l -Off , and Come to 
Si t .  i n  s ucces s i ve order .  
Tabl e 1 2  
Near Upper  Extremi ty Movement  Pattern Percent Occurrence (%) 
Movement Pattern Category a 
1 1  
% 
I-Lateral L ift and Push 25 . 0  
2-Gra sp  and Push  36 . 5  
3-Push 38 . 0  
4-L i ft and Reach 0 . 5  
Tota l : 100 . 0  
Note . � = 200 tri a l s for each age g roup.  
Age Group ( Years ) 
14 
% 
9 . 5  
48 . 5  
42 . 0  
o 
100 . 0  
17 
% 
10 . 5  
42 . 0  
47 . 0  
0 . 5  
100 . 0  
a Categorie s  1 - 3  are l i sted i n  the devel opmental order hypothesi zed by 
Sarnacki ( 1985 ) .  
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Tab le  1 3  
Head a nd  Trun k Movement Pattern Percent Occurrence (%) 
a Movement Pattern Category 
1 1  
% 
I-Pel vi s Leadi ng 5 . 0  
2-Latera l Ro l l  34 . 5  
3- Rol l -Off 17 . 5  
4-Come to Si t 43 . 0  
Tota l : 100 . 0  
Note . ! = 200 tri a l s for each age g roup .  
Age Group ( Years ) 
14 
% 
o 
1 0 . 0  
14 . 5 
7 5 . 5 
100 . 0  
17 
% 
4 . 5  
1 . 5  
24 . 0  
70 . 0  
100 . 0  
a The categori es are l i sted i n  the deve lopmental order hypothesi zed by 
Sarnacki ( 1985 ) .  
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Movement Patterns. C7"I N 
Pel vi s Lead ing  was observed at a very l ow frequency i n  1 1- and 17-
year  o l d s .  Thi s  pattern was not observed in 14-year-ol ds . 
Lateral Rol l  was observed i n  more than one th i rd of the tri a l s of 
subjects 11 years of age . Thi s pattern was seen in on l y  10% of the 
t ri a l s  of subjects 14 years of age and at a very l ow frequency i n  the 
o l dest subjects . 
Rol l -Off occurred at a s imi l a r  frequency i n  1 1- and 14-year-o l ds 
and then i ncreased a l most 10% between 14- and 17-year-ol d s .  
Come to  Si t was the most common pattern for a l l three age groups . 
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The pattern demonstrated pea k frequency in 14-year-ol ds .  Among l l-year­
o l ds . Come to S i t  was approximate ly  30% l ess common than among 14-year­
ol ds . Thi s  pattern was s l i ghtly l ess common i n  17-year-ol ds  than i n  14-
year-ol d s .  
Lower extremi t ies . The observed frequency of each LE movement 
pattern for each age group is l i sted in Tab l e  14  and i l l ustrated i n  
F i gure 1 6 .  Sarnack i  ( 1985 )  hypothesi zed that the movement patterns 
woul d  become predomi nant in the fo l l owi ng order :  Step-Off . Asynchronous 
Wi th Leg Extens ion . Asynchronous .  and Synchronous . 
Step-Off . whi c h  was the l east common movement pattern observed i n  
l 1 -year-ol ds . was the most  common movement pattern demonstrated by 14-
year-ol d s .  Thi s pattern was s i gni fi cantly l ess common in 17-year-olds  
than  in  1 4-year-ol ds . 
The Asynchronous Wi th Leg Extension pattern was the most common 
movement pattern demonstrated by 1 1- and 17 -year-ol d s .  Th i s  pattern was 
l ess  common i n  the 14-year-o lds  who predomi nantly demonstrated a Step­
Off pattern . 
Tab le  1 4  
Lower Extremi ty Movement Pattern Percent Occurrence (%) 
Movemen t Pattern Category a Age Group ( Years ) 
1 1  1 4  17 
% 
I -Step-Off 10 . 5  
2-Asynchronous Wi th Leg Extens ion 44 . 5  
3-Asynchronous 32 . 5  
4-Synchronous 1 2 . 5  
Tota l : 100 . 0  
Note . � = 200 tri al s  for each age group .  
% 
32 . 5  
28 . 0  
26 . 0  
1 3 . 5 
100 . 0  
% 
17 . 0  
47 . 5  
28 . 5  
7 . 0  
100 . 0  
aThe categories  a re l i sted i n  the devel opmental order hypothes i zed by 
Sarnac ki ( 1985 ) .  
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Age Group (Years) 
Observed Frequency of Occurrence of 
Lower Extremity Movement Patterns. 
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The Asynchronous pattern di ffered l i tt l e  i n  frequency across age 
groups . Thi s  pattern was observed i n  approxi mate ly  25% to 30% of the 
tria l s  of each a ge g roup. 
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Synchronous .  the movement pattern hypothesi zed by Sarnacki ( 1985) 
to become predomi nant l ast . a l so di ffered l i tt l e  in frequency among the 
adol escent age groups . Thi s pattern var ied between approximate ly  5% and 
15% of the tri a l s  of the three groups . 
Summary. The frequenci es of each movement pattern observed i n  the 
three age groups were presented for the four body reg ions . Age-rel ated 
di fferences were observed i n  the movement patterns of each body reg i on .  
Most Common Movement Pattern Combi nation 
The most  common combi nation of RUE . LUE . HT . and LE movement 
patterns u sed by each age g roup to get out of bed i s  presented in th i s  
section .  To determi ne the most common movement pattern combi nati on . the 
percent occurrence of each combi nation was ca lcu l a ted . 
A tota l of 89 di fferent movement pattern combi nations were observed 
across the three age groups . Si xty-seven di fferent movement pattern 
combi nations were observed i n  1 1-year-o lds . compared to 40 i n  14-year­
o lds  and 44 i n  17-year-ol ds .  No subject demonstrated the same movement 
pattern combi nation across a l l 10 tri al s .  The percent occurrence of 
each obse rved movement pattern combi nat ion i s  presented i n  Append i x  H .  
Tab les  15 . 16 . and  1 7  respecti ve ly  for subjects 1 1 .  1 4 .  and  1 7  years of 
age .  
The l ow i nc i dence of the most common movement pattern combi nations 
refl ect the l arge amount of vari abi l i ty observed . The three most common 
movement pattern combi nations ( see Tabl e 18)  observed i n  each age group 
Tabl e 18 
The Three Most Common Movement Pattern Combinations Across Tri a l s for 
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Subjects 1 1 ,  1 4 ,  and 17 Years of Age ( n  = 200 Tria l s for Each Age Group) 
Age 
( Years ) 
1 1  
14 
1 7  
Movemen t Pattern Combination 
F-N-T- L 
3-2-4-2 
3- 3- 2- 2  
3- 2-2-2 
3-2-4- 1 
3-2-4-2 
3- 2-4-3 
3- 2-4-2 
3-3-4-2 
3- 2-4- 1 
Note . F = Far Upper Extremi ty .  
N = Near Upper Extremi ty .  
T = Head a nd  Trun k .  
L = Lower Extremi t i e s .  
Percent Occurrence 
(%) 
6 . 5  
5 . 5  
5 . 5  
Total : 17.5 
12 . 5 
1 1 . 5  
9 . 0  
Total : 33.0 
14 . 5  
9 . 0  
6 . 0  
Total : 29.5 
Far Upper Extremi ty Movement Patterns : I-Latera l  L i ft and Push ; 
2-Push; 3-Double Push; 4-Lift and Push ; 5-Li ft or L i ft and Reach . 
Near Upper Extremi ty Movement Patterns : I -Lateral L i ft and Pus h ;  
2-Grasp  and Push; 3-Push; 4-Llft and Reach . 
Head and Trunk  Movement Pattern s :  I-Pe l vi s  Leadi ng ; 2-Lateral Ro l l ;  
3-Roll-Off; 4-Come to Sit. 
Lower Extremi ty Movement Pattern s :  I- Step-Off ; 2-Asynchronous Wi th 
Leg Extens l on ;  3-Asynchronous ; 4-Synchronous .  
accounted for approximate ly one thi rd of the tri a l s of the 14- and 17-
year-olds  but on ly approximately  one fi fth of the tri a l s of the 11-
year-ol ds . 
For subjects 1 1  years of age , there were three common movement 
pattern combi nations ( see F i gures 17 , 18 , and 19 ) . These combi nations 
occurred wi th a l most equal frequency and di ffered from each other on ly 
i n  NUE or HT act ion .  For al l three movement pattern combi nati ons , 
subjects pushed twi ce wi th the FUE , fi rst as the subject moved toward 
s i tti ng and aga i n  as the subject moved toward stand i ng .  In  addi t ion , 
the far LE was extended out i n  front of the near LE as the LEs moved 
over the edge of the bed . I n  one pattern ( see F i gure 17 ) ,  the NUE 
grasped the edge of the bed as the head and trunk fl exed toward 
s i tt i ng wi th mi n ima l  trun k rotat ion . I n  the second pattern ( see 
Fi gure 18 ) ,  the NUE pushed on the bed , wi thout graspi ng , as the 
subject turned toward s i de-fac ing  wi th mi n imal trun k f lexion .  I n  the 
thi rd pattern ( see Fi gure 19 ) ,  the NUE grasped the edge of the bed as , 
aga i n ,  the subject turned toward s i de-fac i ng wi th mi n imal trunk 
flexion . 
For subjects 1 4  years of age , there were two common movement 
pattern combi nations  ( see F i gures 20 and 17 ) whi ch occurred wi th 
a lmost equal frequency . These two combinations di ffered from each 
other only  in LE act i on .  Both combi nations cons i sted of two pushes 
wi th the FUE , one as the subject moved toward s i tt i ng and aga i n  as the 
buttoc ks were l i fted off the bed . The hand of the NUE grasped the 
edge of the bed as the head and trunk f lexed and turned toward s i tt i ng 
wi th mi n ima l  trun k rotation .  I n  one pattern ( see F i gure 20 ) ,  the far 
thi gh  was above the near thi gh  as the subject moved toward s i tti ng . 
68 
� /. "-r 1 
Far Upper Extremi ty 
Dou ble Push 
Near Upper Extremi ty 
Grasp and P ush 
Head and Tru n k 
Come to Si t 
Lower E xtremi t i es 
Asynchronous W i th 
Leg E xtensi on 
Fi gure 17 . One o f  the Three Most Common Mo vemen t Pattern Combi nati ons 
(MCMPC) Demonst rated by Subjec ts 11 Years of Age , One of the Two MCMPC 
Demonstrated by Subjec ts 1 4  Years of Age , and the MCMPC Demonst rated 
by Su bjects 1 7  Years of Age (Su bjec t 23 , Tri a l  1 ) .  
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F-Far Upper Extremity 
Dou ble P u sh 
Near Upper Extremity 
P u sh 
Head and Trun k  
Lateral Roll 
Lower E xtremitie s 
Asynchronous With 
Leg Exten sion 
Figure 1 8 .  O n e  of the Three Most Common Movement Pattern Combination s  
Demon strated by Subjects 1 1  Years of Age (a) (Subject 2 1 , T rial 2 ) .  
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Far Upper Extremi ty 
Dou b l e  Push 
Near Upper E xtremi ty 
Grasp and Push 
Head and Trunk 
La tera 1 Ro 1 1  
Lower Extremi ties 
Asynchronous W i th 
Leg Extens i on 
F i gure 19 . One of the Three Most Common Mo v eme nt Pattern Comb i nations 
Demonstrated by Subjects 1 1  Years of Age (b) (Subject 3 1 , Tri al 4 ) .  
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Far Upper E xtremi ty 
Dou ble Push 
Near Upper Extremi ty 
Grasp and Push 
Head and  Trun k  
Come to Sit 
Lower Extremities 
Step-Off 
Figure 20 .  One of the Two Most Common Movemen t  Pat tern Combinations 
Demonstrated by Subjects 1 4  Years of Age ( Subject 22 , Tri al 9 ) . 
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I n  the second pattern ( see F i gure 17 ) .  the far LE was extended out i n  
front o f  the near L E  a s  the LEs moved over the edge o f  the bed . 
For subjects 17 years of age . there was a s i ng l e  most common 
movement pattern combi nat i on ( see F i gure 17 ) .  Thi s combi nation . whi ch 
was a l so one of the most common combi nations for the 1 1- and 14-year­
o lds . cons i sted of two pushes wi th the FUE . fi rst as  the subject moved 
toward s i tti ng  and aga i n  as the subject moved toward stand i n g .  The 
NUE grasped the edge of the bed as the head and trun k fl exed and 
turned toward s i tt i n g  wi th mi n ima l  trunk  rotation . The fa r LE was 
extended out i n  front of the near LE as the LEs moved over the edge of 
the bed. 
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Summary. There were three common movement pattern combi nations 
seen in l 1-year-o l d s .  Among 14-year-o l ds .  there were two common 
movement pattern combinat ion s .  Among 17-year-olds . there was a s i ng l e  
most common movement  pattern combi nat ion . Th i s  combi nation was the 
same as one of the most  common combi nati ons seen among 1 1- and 14-year­
o l d s .  The l ow i nc i dence of  these most common combi nations refl ects 
t he l arge amount of vari abi l i ty observed . 
Un i versa l i ty and I ntrans i ti vi ty of Hypothesi zed Devel opmental 
Sequences 
Determi n i n g  i f  i nd i vi dual  variabi l i ty in the movement patterns 
u sed when gett ing  out of bed supported the hypothes i s  that a l l 
i nd i v idua l s progress  through the proposed devel opmental sequences i n  
the same order was the fi nal purpose o f  thi s study. To determi ne 
thi s .  i n tra-subject vari abi l i ty was exam i ned .  
I ntra-subject movement pattern vari abi l i ty was g reat . For the 
FUE . NUE . HT . and LE body regi ons respecti vel y .  30 . 40 . 41 . and 54 
subjects demonstrated more than one movement pattern d ur i ng the i r  ten 
tri al s .  The subjects who demonstrated movement pattern vari abi l i ty 
and the movement patterns  to whi ch they vari ed are presented for each 
body reg ion in Append i x  I ,  Tab les  19  through 22. 
For each body reg i on ,  subjects varied to non-adjacent steps i n  
Sarnacki ' s  ( 1 985 )  hypothesi zed devel opmental sequences .  Two , n i n e ,  
s i x ,  a n d  fi ve subjects v i o l ated the adjacency cr iterion i n  the FUE , 
NUE , HT , and LEs respecti vely .  No order i ng cou l d  be found i n  wh i ch 
subjects vari ed onl y between adjacent patterns . 
Summary 
The resul ts of thi s study i ndi cated that no new movement pattern 
categori es were formed to descri be FUE , HT , or LE act i on .  One new 
movement pattern was observed in the NUE . and an add i t i onal  movement 
pattern category was formed . Three of the four HT categories were 
revi sed to better descri be the adol escents ' movement patterns . 
Age-re l ated d i fferences i n  the movement patterns u sed by 1 1 .  14 .  
and  17 year  o l d  adol escents to  get  out  of bed were present for each  of 
the four body reg i ons . There were three common movement pattern 
combi nati ons for subjects 1 1  years of age , two for subjects 14  years 
of age .  and one for subjects 17 years of age .  The most common 
movement pattern combi nation among 17-year-o lds  was one of the common 
combi nations demonstrated by 1 1- and 14-year-ol ds .  The l ow i nc i dence 
of the most common mo vement pattern combi nations  was refl ecti ve of the 
l arge amount of variabi l i ty observed . Fi na l l y .  for each body reg i on .  
there were s ubjects who var ied to non-adjacent steps i n  Sarnacki ' s  
( 1985 ) hypothes i zed deve lopmental sequences . 
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Chapter V 
D i scuss ion and Conc l us ions 
At  the begi nn ing  of thi s chapte r ,  the resul ts of thi s research are 
d i scussed. Conc l us ions of thi s s tudy are presented next . Impl i cations 
of thi s researc h  and recommendati ons for future stud ies  fo l l ow. A 
s ummary of the study conc l udes the chapter .  
Movement Pattern Comprehens i veness 
Wi th  the excepti on of one new movement pattern obse rved in the NUE , 
the movement patterns  i denti fied i n  Sarnac ki ' s  ( 1985 ) study of young 
adu l ts did descri be the movement  patterns demonstrated by ado lescents . 
Movement patterns observed i n  one age group of subjects getti ng out of 
bed . therefo re .  appear representati ve of most movement patterns observed 
i n  other age g roups . Al though deve l opmenta l ly earl i er  or  l a ter 
predominati n g  movement  patterns may not be observed when a sampl e  of 
young  adu l ts i s  u sed to i denti fy the movement patterns for a tas k  
( VanSant .  1988 ) ,  Sarnac k i ' s  ( 1985) study o f  young adul ts gett i ng out of 
bed proved a u seful fi rst step prior to studyi ng adol escents . 
A l though no  new movement patterns were observed i n  the HT reg ion . 
the HT movement  pattern descri pt i ons  requi red rev i s i on ( see Tab le  10 ) .  
- 7 5-
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Add i t i ona l  dec i s i on rule s  ( see Append i x  F )  a l so needed to be generated . 
There a re two expl anations  of why th i s  may have been so.  
F i rs t .  to di st ingu i s h  between the Latera l Ro l l  pattern where "The 
head and trunk turn toward the s i de fac i ng pos i ti on wi th mi n imal 
f 1ex ion • • •  u and the Rol l -Off pattern where "The head and trunk fl ex and 
turn toward s i de fac i ng . • • •  " Sarnacki ( 1985 )  wrote the fol l owi ng 
dec i s i on rule :  u I f  the t i p  of the l eft shoul der ( the FUE ) i s  seen 
wi thi n  0 . 63 m .  c l a s s i fy the movement as  Lateral Rol l . "  Th i s  di stance 
represented a fi xed poi nt  i n  the background of the photographi c fi e l d  
a nd was measured wi th a sti ck  pos i tioned beh i nd the subject para l l e l to 
the l ength of the bed duri ng  data co l l ection ( S .  J .  Sarnacki . personal 
communi cat i on .  Augu st .  1988 ) .  Th i s  d i stance may vary depend i ng on a 
s ubject ' s  s i ze  or  the i n i ti a l  pos i ti on of the subject i n  rel ation to the 
head of the bed .  Al so .  u s i ng a reference pol e t o  categorize movement 
patterns wou l d  be i mpractica l  in cl i n i ca l  settings . 
Second . Sarnacki ' s  Latera l Rol l pattern was observed i n  on ly  four 
of her s ubjects during 17 tri a l s .  The l ow i nc i dence of thi s movement 
pattern may have made i t  d i ffi cul t to devel op dec i s i on ru l es to ful ly  
d i st ingu i sh between the Latera l  Ro l l  a n d  the Rol l -Off or  Come to  S i t  
movement pattern s .  
In genera l . adol escents were noted t o  rol l toward s i de lying  wi th 
l ess  trunk fl exion than most of the young adul ts ( Sarnack i . 1985 ) .  When 
thi s i nvesti gator revi ewed Sarnacki ' s  fi l ms u s i ng the dec i s i on ru l es 
outl i ned i n  Append i x  F .  onl y  one of the 17 tri a l s ori g i na l l y  categori zed 
as Lateral Rol l  rema i ned categori zed as Latera l Rol l .  Once the 
d i fferences between the three movement patterns were more c l ea rly  
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defi ned , Sarnacki ' s  ( 1985 )  ori g i na l  movement pattern descri ptions were 
rev i sed ( see Tab l e  10 ) .  
Add i t i ona l  dec i s i on ru l es ( see Appendi x F )  were a l so wri tten for 
the FUE and NUE movement patterns to more object i ve ly  di sti ngu i s h  the 
pattern s .  These new deci s i on rul es may have been needed because of 
m i nor movement pattern vari at ions observed among subjects in the present 
study. No new dec i s i on ru les  were needed to c l a s s ify acti on us ing  the 
LE movement pattern descri pti ons . Further study wou ld  be needed , 
howeve r .  to determi ne i f  the LE vari ati ons seen i n  thi s sample  of 
adol escents represent variati ons of the movement patterns i denti fied i n  
the young adu l t  study ( Sarnacki , 1985 ) o r  possi b ly new movement patterns 
whi c h  may be observed wi th greater frequenci es i n  other age groups . 
The objecti v i ty cri ter ion of 85% exact agreement was achi eved on 
the fi rst object i v i ty test for the FUE , NUE , and LE reg ions and on the 
second objecti v i ty test for the HT reg ion .  Thi s i nd icates that the 
categori ca l  descri ptions and dec i s i on rul es are object i ve and can be 
taught to other i n d i v i dua l s .  
Age- re l ated Movement Pattern Di fferences and Hypothesi zed Deve l opmental 
Sequences 
Age-re l ated di fferences in the movement pattern frequenc ies  were 
observed wi thi n each body reg i on .  These age- re l ated di fferences between 
the three groups of ado lescents were not a l ways great enough to 
determi ne i f  the movement patterns were becoming  more or l ess  common 
wi th  respect to age i n  a manner consi ster.t wi th Sarnacki ' s  ( 1985) 
hypotheses . 
The re a re several expl anations why the observed age- re l ated 
d i fferences may not have been greater. F i rst , the three year  age range 
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c hosen may have been too sma l l  for the sequence to be man i fested 
( Roberton et al • •  1980 ) .  A l arger age range of subjects coul d be used 
i n  future stud ies .  
Second . the sampl e s i ze may have been too smal l for spec i fi c  trends 
to have been demonstrated .  Because there were on ly  twenty subjects in  
each  age g roup .  the  movement patterns demonstrated by just one or two 
i nd i v i d ua l s  coul d have s i gn i fi cantly a l tered the observed frequenci es of 
the vari ous movement pattern s .  Future stud ies  shou l d  i ncl ude a l a rger 
sampl e s i z e .  
Thi rd .  the movement patterns i denti fi ed may not represent 
devel opmental s teps ( Roberton et  a l  . •  1980 ) .  Add i t i onal cross-secti ona l 
studie s  i n vol v i n g  subjects from ol der and younger age groups coul d hel p 
to further c l ar i fy whether or  not age-rel ated movement pattern 
d i fferences exi st  wh i c h  warrant l ongi tudi nal study . 
Far upper extremi ty. As noted i n  Chapter I V .  there was l i ttl e 
d i fference between the three age groups i n  the frequency of occurrence 
of four of t he fi ve FUE movement pattern s .  The marked drop i n  the 
frequency of occurrence of the Doub le  Push pattern between 14- and 17-
yea r-ol ds  was the most notabl e age-re l ated d i fference . Because the age­
rel ated di fferences were l imi ted . determi n i ng i f  the movement patterns 
were becoming  more or l ess  common in the order pred i cted by Sarnacki  
( 1985 )  was not poss i bl e .  Thi s i nvesti gator . therefore . compared her 
adol escent data to the data obta i ned by Sarnacki in  her study of young 
adu l ts .  
Sarnacki  ( 1985) hypothesi zed that the movement patterns wou l d  
become predomi nant i n  t he fo l l owi ng order :  Lateral L i ft and Push .  Pus h .  
Doubl e Pus h . L i ft and Pus h .  and L i ft or  L ift and Reach.  The l ow 
i n c i dence of the Lateral L i ft and Push pattern among adol escents as 
compared to young adul ts suggests that thi s pattern may be a l ater 
predomi nati n g  movemen t  pattern .  Thi s wou l d  not support Sarnacki ' s  
hypothes i s  that Lateral L i ft and Push was the earl iest  pattern to 
predomi nate . 
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Push .  the  most  common FUE movement pattern among young adul ts , 
occurred much l ess frequently among adol escents . The Doubl e Push  
pattern whi c h  was predomi nant in  ado lescents was observed in  l ess than 
15% of the tr ia l s of young adul ts . I n  contrast to Sarnacki ' s  
pred i ct i on . the Doub le  Push  pattern l i ke ly  becomes predomi nant before 
the Push  pattern . 
L i ft and Push  was observed i n  fewer of the tri a l s  of 14-year-ol ds 
and young adul t s  than the 1 1- and 17-year-ol ds , a l ways occurring l ess  
than 15% .  Because of  thi s  l ow ,  vari abl e i n c i dence , predi cti ng whether 
L i ft and Push  i s  an earl i er or l a ter  predomi nati ng pattern coul d  not be 
determined based upon age-rel ated di fference s .  Further cross-secti onal 
study of ch i l dren and mi ddl e-aged adul ts coul d he l p  c l ar ify when thi s  
pattern woul d l i ke l y  predomi nate . 
Li ft or  L i ft and Reach was observed at l ow frequenc ies  i n  both 
young adul ts  ( Sa rnacki . 1985 ) and adol e scents . Sarnacki . ( 1985 ) 
hypothes i zed th i s pattern as the l atest pattern to predomi nate because 
of i ts s i mi l ar i ty to Symmetri cal  Reach . hypothesi zed as  the most  
advanced UE pattern u sed to  r i se to  stand ing  from supi ne on the  floor 
( VanSan t .  1983 ) .  Because of the l ow i nc i dence of th i s  movement pattern 
throughout adol e scence and young adul thood . however ,  thi s  movement 
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pattern may not represent a deve lopmenta l step . Further cross-secti onal 
study of other age groups coul d  c l ari fy whether the Li ft or L ift and 
Reach pattern i s  a s tep  wi th in  the devel opmental sequence . 
Based upon the movement pattern frequencies observed i n  thi s study 
and  i n  Sarnac ki ' s  ( 1 985 )  study of young adul ts , the l i ke ly  order of 
predomi nance of the Lateral L ift and Push , Push , and Doubl e Push 
patterns a ppears to be Doubl e Pus h ,  Pus h ,  and Lateral L ift and Push 
succe ss i ve ly. To determi ne whether the L ift and Push pattern l i ke ly 
pre dominates before Doubl e Push or after Lateral L i ft and Push , the 
sequence order ing  was exami ned u s i rig the adjacency cri ter ion . When the 
movement pattern s  were ordered Doubl e Pus h ,  Push , Lateral Li ft and Push , 
and L i ft and Pus h ,  there were twel ve subjects who varied to non-adjacent 
movement pattern s .  When the patterns were ordered Li ft and Push , Doubl e 
Pus h .  Pus h , and Lateral L ift and Pus h ,  on ly  two subjects vari ed to non­
a djacent movement pa ttern s .  Thi s author therefore chose to hypothes i ze 
the l atte r  sequence to represen t the order of predomi nance of the FUE 
movement p attern s .  
Therefore , Sarnacki ' s  ( 1985 )  hypothesi zed deve l opmental sequence 
was not supported.  As a resul t of the present study, the devel opmenta l 
sequence for the FUE for the period l ead ing  up to ado lescence and i nto 
the mi dd le  adu l t yea rs i s  hypothesi zed to be i n  success i ve orde r :  L i ft 
and Pus h . Doubl e Push . Pus h .  and Latera l L ift and Push ( see Tab le  23 ) .  
Near upper extremi ty. Sarnacki ( 1985 )  hypothes i zed that the NUE 
movement patterns wou l d  become predomi nant i n  the fol l owi ng  orde r :  
Lateral L ift and Pus h .  Grasp  and Pus h .  and Push . Lateral L ift and Push 
i s  l i ke ly  an early predominati ng  pattern because of i ts s harp decrease 
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Tab le 23 
Proposed Movement Pattern Deve l opmental Sequences for the Ta sk  of Ri s i ng 
From a Bed 
Far Upper Extremi ty: 4-Li ft and Push 
3-Doub le  Push 
2-Push 
I-Latera l  L ift and Push 
Near Upper Extremi ty: I-Lateral L ift and Push 
3-Push 
2-Grasp and Push 
Head and Trunk :  I-Pel v i s  Lead i ng 
2- Latera l Ro l l  
4-Come to Si t 
3-Rol l -Off 
Lower Extremi t ies : 2-Asynchronous With  Leg Extens i on 
I-Step-Off 
2-Asynchronous Wi th Leg Extension 
3-Asynchronous 
4-Synchronous 
Note . The Far U pper Extremi ty L ift or L ift and Reach and the Near Upper 
Extremi ty L i ft and Reach  movement patterns are not i nc l uded i n  the 
proposed sequences because these patterns a re not bel i eved to be 
deve l opmenta l  steps. 
i n  frequency between 1 1-year-o lds  and 14-year-ol ds .  The l i mi ted age­
rel ated di fferences observed among ado lescents in the frequency of 
occurrence of the Grasp  and Push and Push patterns d i d  not a l l ow 
i dent i f i cati on of the l i ke ly  ordering  of these two patterns wi thout 
aga i n  referr i ng to Sarnacki ' s  ( 1985 )  data . 
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Because Grasp  and Push showed an i ncreased frequency i n  young 
adul ts  as  compared to 17-year-ol ds and because Push showed a decreased 
frequency in young adul ts as  compared to 17-year-ol ds ,  the NUE sequence 
a ppears to have been mi sordered.  Push woul d  l i ke ly  predomi nate before 
Grasp  and Push . 
S ince L i ft and Reach  was not observed i n  young adu l ts and was 
observed at  a very sma l l frequency i n  adol escents , th i s  pattern may not 
represent a devel opmental step .  Further c ross- secti ona l study of  other 
age g roups , such as  chi l dren , middl e-aged adul ts , or the e l der ly ,  cou l d  
determi ne how preva l ent th i s  movement pattern i s  i n  other age groups . 
Based upon the resu l ts of thi s study and Sarnacki ' s  observed 
frequenc ie s ,  the hypothesi zed devel opmental sequence was not supported . 
As a resul t of thi s study, the deve lopmental sequence for the NUE for 
the period l ead ing  up  to adol escence and i nto the middle  adu l t years i s  
proposed to be i n  successi ve order :  Latera l L i ft and Pus h ,  Pus h ,  and 
Grasp  and Push ( see Tabl e 23 ) .  
Head and trun k .  Pe l vi s  Leadi ng , Latera l Ro l l ,  Rol l -Off , and Come 
to Si t i s  the s uccess i ve devel opmental order hypothesi zed by Sarnacki  
( 1985 ) for the HT . Pel v i s Leadi ng ,  observed i nfrequently among 
ado lescents , was a l so observed i nfrequently among young adul ts . The l ow 
i n c i dence of thi s  movement pattern may i nd i cate that thi s  movement 
pattern i s  not a deve l opmenta l  step .  Sarnacki ( 1985 ) , however ,  
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hypothes i zed Pel vi s Lead i ng as the fi rst step in the sequence because of 
i ts s i mi l ari ty to an early  appeari ng rol l i ng pattern descri bed by McGraw 
( 1945 ) .  Further c ross-sectional study of other age g roups . parti cul arly 
c h i l d ren , cou l d  c l a r i fy whether thi s  movement pattern i s  a devel opmental 
step and i f  thi s  pattern i s  the earl iest  pattern to predomi nate . Based 
on the resul ts of th i s study .  Pel v i s  Leadi ng cou l d  be the fi rst step i n  
the devel opmental sequence.  
The Lateral  Rol l  pattern . wh i ch was l ess common in  14- and 17-year­
ol ds than i n  l 1-year-ol ds . a l so occurred at a l ow frequency among young 
adu l ts .  Thi s  pattern recei ved support as  an earl i er  step in the 
hypothes i zed  deve l opmenta l sequence . 
Rol l -Off . whi ch a ppeared to be i ncreasi ng i n  frequency across 
a do l e scence . demonstrated a sharply i ncreased frequency in young 
adu l ts .  Come to S i t  reached i ts pea k  frequency in 14-year-ol ds and 
demonstrated a greatly  decreased frequency among young adu l ts .  Come to 
S i t ,  therefore . appears  to be an earl i er predomi nati ng movement pattern 
than Rol l -Off. Thi s  i nd i cates  that the sequence proposed by Sarnacki  
( 1985 )  i s  probabl y mi sordered . 
Based on the age-rel ated movement pattern di fferences observed . 
Sarnack i ' s  ( 1985 )  hypothesi zed deve lopmental sequence was not 
supported .  The order o f  devel opment o f  the HT movement patterns for the 
per i od l ead i ng  up to ado l escence and i nto the middl e adu l t  years i s  
hypothe s i zed to be i n  success i ve order :  Pel v i s  Leadi ng .  Lateral Rol l .  
Come to S i t .  and Rol l -Off ( see Tabl e 23) . 
Lower extremi t i e s .  Sarnacki  ( 1985 ) hypothesi zed that the 
devel opmenta l sequence for the LE movement patterns was Step-Off . 
Asynchronous W i th Leg Extens i on . Asynchronous .  and Synchronous .  
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Exam i n i ng t he data of young adu lts  wa s aga i n  he l pfu l i n  determi n i ng i f  
Sarnack i ' s  hypothe s ized sequence was supported i n  the adol escent study 
or i f  a revi sed sequence was necessary .  
Ste p-Off was not supported as the earl i est predomi nati ng movement 
pattern . Thi s  pattern . whi ch was less  common i n  1 1-year-o lds  than i n  14-
yea r-o l ds .  was the most  common movement pattern among 14-year-ol d s .  
Step-Off . t herefore . a ppears t o  be an i ntermedi ate step i n  the sequence . 
Asynchronous Wi th Leg Extens ion was the most common movement 
pattern in 1 1- and 17-year-ol ds .  Among young adu l ts .  thi s movement 
pattern was l ess common than in 17-year-o lds . Asynchronous With Leg 
E xtens i on may . therefore . represent an early predominating  movement 
patte rn i n  the LE sequence . Th i s  pattern may then aga i n  become 
predomi nant after the Step-Off pattern . as was observed i n  thi s study .  
Because the  Asynchronous and  Synchronous patterns va ried l i tt l e  i n  
frequency among adol escents . Sarnacki ' s  observat ion of the i r  i nc i dence 
i n  young adu l ts was u sed to hypothes i ze the i r  pl ace in the devel opmental 
sequence . Asynchronous .  whi ch was never common in adol escents . was the 
most  common LE movement pattern in young adu l ts .  Thi s trend supports 
t he Asynchronous pattern as a l ater predominat i ng  step in the sequence . 
Synchronous occurred i nfrequently i n  ado lescents and young adu l ts .  
Whether t h i s  pattern i s  a l ater predomi nati ng movement pattern woul d 
requ i re further c ross-secti onal study of an o l der  age group of subjects . 
such  a s  m i dd l e-aged adul ts . Synchronous i s  hypothesi zed . however .  as 
the l as t  s tep  i n  the sequence because of i ts s imi l ari ty to the 
Symmetrical  Squat pattern . hypothesi zed to be the most  advanced LE 
movement pattern used to r i se to stand ing  from the floor ( VanSant . 
1983 ) .  
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Based upon the movement  pattern frequenci es observed in th i s  study 
and i n  Sarnacki ' s  study of young adu l ts .  i t  appears that the 
hypothes i zed devel opmental sequence for the LEs was correctly  ordered 
but d i d  not account for the fi nding that Asynchronous Wi th Leg Extens ion 
�ight predomi nate just  pri or to when the four step sequence i s  
observed. The deve l opmental sequence for the LEs i s  proposed to be i n  
succe ss i ve order for the period l ead ing  up to adol escence and i nto the 
�iddle  adu l t  years : Asynchronous Wi th Leg Extens ion . Step-Off . 
Asynchronous W i th Leg Extens ion . Asynchronous .  and Synchronous ( see 
Tabl e 23 ) .  
Most Common Movement Pattern Combi nation 
The tremendous  amount of i ntra- i ndi vi dual and i nter- i nd i v i dual 
variabi l i ty in the movement pattern combi nati ons used by adol escents 
when gett i ng  out of bed was evi denced by the l a rge number of di fferent 
movemen t  pattern combi nati ons observed . by the sma l l i nc i dences of the 
most common combi nations . and by the fact that no subject evi denced the 
same movement pattern combination across ten tri a l s .  Thi s vari abi l i ty 
i nd i cates that adol escents have ava i l abl e to them a number of di fferent 
movement pattern combi nations when gett ing  out of bed . 
B i omechani cal  constra i nts may . howeve r .  restrict the number of 
poss i bl e  movement pattern combi nations ( Sarnacki . 1985 ) .  For exampl e .  
for a s ubject to s imul taneous l y  demonstrate a Lateral Rol l  pattern i n  
the HT and a L ift and Reach pattern i n  the NUE woul d  be un l i kely .  Once 
1n s i delyi n g .  for the s ubject to move toward s i tt i ng wi thout pushi ng or 
grasping  on the bed wi th the NUE woul d  be d i ffi cul t .  
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The greatest vari abi l i ty was observed i n  1 1-year-ol ds and was 
evi denced i n  three ways . Fi rst,  the 1 1-year-ol ds demonstrated more 
movement pattern combi nations than 14- or 17-year-ol ds . They a l so 
demonstrated three common movement pattern combi nations , compared to two 
i n  14-year-ol ds , and one i n  17-year-ol ds .  Fi na l ly ,  the most common 
movement pattern combi nations observed among 1 1-year-olds  were obse rved 
l ess frequently  compared to the most  common movement pattern 
combi nations demonstrated by 14- or 17-year-o lds .  Thi s greater 
vari abi l i ty among younger subjects may i nd icate that younger adolescents 
a re undergoi ng a period of more rapid deve l opmental change than ol der 
ado l escents who may be demonstrati ng more advanced movement pa tterns 
( VanSant , 1983 ) .  
One of the three movement pattern combi nations demonstrated 
commonly by 1 1-year-ol ds was the same as one of the two combi nati ons 
demonstrated commonl y by 14-year-ol ds and the most common combi nation 
demonstrated by 17-year-ol ds .  The s imi l ari ties  in common movement 
pattern combi nations for each age group suggest that the age i nterva l s  
c hosen for thi s  study may have been too smal l .  Age d i fferences i n  the 
most  common movement pattern combi nations may have been greater i f  
l arger age i nterva l s ,  perhaps four o r  fi ve years , had been sel ected . 
The most  common movement pattern combinations of ado l escents ( see 
Fi gures  17-20 ) d i ffered from the one reported by Sarnacki  ( 1985 )  i n  
young adul ts ( see Fi gure 7 ) .  Thi s i s  an add i t i onal  i ndi cator that there 
are deve lopmental d i fferences i n  the movement pattern combi nations used 
to get out of bed . 
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Uni versal i ty and I ntrans i t i vi ty of Hypothes i zed Deve l opmental  Sequences 
For each body reg i on .  t here were subjects who varied to non­
adjacent movement patterns in the hypothesi zed and revi sed sequences .  
For t he FUE . NUE . HT . and L E  reg i ons . n o  ordering  was possi ble where 
subjects var i ed on ly  to adjacent movement pattern s .  There are several 
rea sons why th i s may have been so . 
One p l a u s i b l e  expl anat ion i s  that subjects who vari ed to non­
adjacent movement patterns may have al ready achi eved the most advanced 
l evel s i n  the hypothes i zed sequence for a body reg i on ( Ri chter , 1985 ) .  
These subjects . therefore , may have vari ed among non-adjacent movement 
patterns  because a l l  movement patterns were a vai l abl e to them . Further 
study of a younger age group wou l d  be needed to determi ne i f  younger 
subjects appea r to be progress i ng through a deve l opmental  sequence i n  
th i s tas k .  
Another poss i b l e  expl anation  may be that the movement pattern 
categori es that  Sarnacki  ( 1 985 )  i denti fied do not represent 
devel opmental  steps . For exampl e ,  several subjects v i o l a ted the 
adjacency cr i teri on for the near upper extremi ty .  Sarnacki  descri bed 
sepa rate deve l opmental  sequences for the UEs .  Further i n vest i gat ion  
wou l d  be  needed to determ i ne if  movement pattern descr ipt i ons cou l d  be 
generated for the UEs as  a s i ng l e  body reg i on and i f  a devel opmental 
sequence coul d be hypothes i zed for thi s reg i on .  Other stud i es 
i dent i fyi ng  the movement  patterns used for va rious ri ghti ng tas ks , such 
as  com i n g  to stand ing  from supi ne on the floor ( VanSant ,  1983 ) , ro l l i ng 
( Ri c hter ,  1 985 ) ,  and r i s i ng to standing  from a cha i r ( Franci s ,  1987 ) 
have generated a s i ng l e  sequence for the UEs .  
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A th i rd expl anati on i s  that a l l  i ndi v idua l s  do not progress through 
a s i ngl e devel opmenta l  sequence i n  the same order .  Thi s poss i bi l i ty 
wou l d  contrad i ct  stage theory pred i cti ons . If  most ,  but not necessari ly 
al l .  i nd i v idua l s  progress through a sequence in the same order ,  another 
t heory woul d be needed to expl a i n  devel opmental change ( Roberton et a l . ,  
1 980 ) .  Under such a theory ,  one i ndi vi dual  who vari ed to a non-adjacent 
movement  pattern woul d not necessari ly  i nva l i date a deve lopmental 
sequence . 
Concl u s i on s  
T he fol l owi ng a re concl u s ions o f  th i s  study : 
1 )  Descr i ptions of the movement patterns used by young adul ts 
getti ng  out of bed descri be most  of the movement patterns used by 
adol escents when performi ng  thi s tas k .  
2 )  There a re age-rel ated di fferences i n  the movement patterns used 
by adol e scent s  to r i se  to stand i ng from supi ne on a bed .  
3)  Great i ntra- i nd i v i dual  and i nter- i nd i v i dual var iabi l i ty exi sts 
in t he movement patterns and movement pattern combi nat i ons  demonstrated 
by adole scents when getting  out of bed .  
4 )  Deve l opmenta l sequences o f  movement patterns for the tas k  of 
ri s i ng  to stand i n g  from supi ne on a bed are not uni versal and i nvari ant 
across adole s cence . 
Impl i cat ions  of Thi s  Study 
P hys i ca l  therapi sts frequently treat pat ients who are unabl e to get 
out of bed. Knowledge of the wi de vari ety of movement patterns  u sed to 
get out  of bed s houl d a l l ow therapi sts to choose from a var iety of 
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movement pattern s  when teach ing  thi s acti vi ty .  Knowi ng that there are 
a ge-re l ated d i fferences i n  the movement patterns used to get out of bed , 
therapi sts  can then sel ect age-appropri ate patterns to teach the i r  
adol escent or young adul t pat ients . 
The movement patterns used by pati ents to get up from bed may 
e ventua l ly be eas i l y  c l as s i fi ed i n  a c l i n i ca l  setti ng . When worki ng 
wi th patients . therapi sts can observe the movement patterns demonstrated 
by t he i r  pat ients from e i ther s i de or foot vi ews as was done i n  th i s  
s tudy. V i deotap ing  cou l d  a l so be used to provide supporti ve , object i ve 
documentation of pati ents ' movement patterns . 
Recommendat i ons  for Future Stud i es 
Suggest i ons  for future stud i es have been presented throughout thi s 
chapter .  Addi t i onal  suggest ions fo l l ow. 
Subjects in the present study were a l l as ked to come to stand i ng 
from a s upi ne pos i t ion on a bed . Thi s  was consi stent wi th the starting  
pos i t i on u sed by the young adu l ts i n  Sarnacki ' s  ( 1985 ) study .  Further 
studies  coul d exam i ne the movement patterns used by i ndi v idua l s to come 
to stand i ng from sta rti ng  pos i ti ons other than supine wi th the arms and 
l egs  e xtended . Al teri ng the start i ng pos i t i on wou l d  l i ke ly  affect the 
movement patterns demonstrated . 
Addi ti ona l l y .  a study exami n i ng the movement patterns used to get 
out  of bed by i nd i v i dual s wi th various phys i ca l  d i sabi l i ties  i s  
recommended .  Such a study cou l d  determi ne i f  i nd i vidual s wi th phys i cal  
d i s abi l i ti es demonstrate the same movement patterns when gett i ng out of 
bed a s  i nd i v idua l s wi thout phys i ca l  di sabi l i ti es .  
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Summary 
The purposes of th i s  study were to determi ne : 1 )  i f  movement 
patterns descr i bed for young adu l ts coming  to standi ng from supi ne on a 
bed comprehens i ve ly  depi cted the movements used by adol escents . 2 )  i f  
age-re l ated di fferences exi sted i n  the movement patterns demonstrated by 
adol escents i n  each of four  body reg ions correspondi n g  to hypothesi zed 
devel opmental sequences . 3) the most common movement pattern combination 
for each age group , and 4 )  i f  i nd i v i dual  movement pattern vari abi l i ty 
was on ly  to adjacent steps i n  the hypothesi zed sequences . 
S i xty adol escents , 1 1 ,  1 4 ,  or 17 years of age , were v i deotaped 
dur i ng 10 tri a l s  of r i S i n g  to stand i ng from supi ne on a bed .  The 
movement patterns demonstrated i n  each body reg ion , the Fa r Upper 
Extremi ty ,  Near Upper Extremi ty , Head and Trun k ,  and Lower Extremi ti es , 
were categori zed , and new movement patterns were desc ri bed . The 
frequency of occurrence of each movement pattern and the most common 
movement pattern combi nation were determi ned for each age group.  
Except for one new movement pattern observed at the NUE , 
the movement patterns descri bed for young adul ts comprehen s i ve ly  
depi cted  the movement patterns demonstrated by adol escents . Age-re l ated 
movement pattern di fferences were present i n  each body reg i on . 
Hypothes i zed deve lopmenta l sequences were not supported f6r the FUE , 
NUE , and HT body reg i ons . and revi sed devel opmental sequences were 
proposed .  The hypothes i zed devel opmenta l sequence for the LEs appears 
to have been ordered correct ly  but d i d  not account for the fi ndi ng that 
one of the LE movement patterns mi ght predomi nate just prior to when the 
proposed fou r  step sequence i s  observed . Great i ntra- i ndi vi dua l and 
i n ter- i nd i v i dual  vari abi l i ty exi sted in the number of movement pattern 
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c omb i n at i ons  demonstrated.  Three movement pattern combi nations were 
commonly demonstrated by 1 1-year-ol d s .  two by 14-year-ol ds . and one by 
17-year-ol d s .  One of these combi nat i ons was the same for a l l  three age 
g roups . The hypothes i s that i ndi v i dual movement pattern variabi l i ty 
wou l d on ly  occur among adjacent steps i n  a devel opmental sequence wa s 
not s upported .  
I n  conc l u s i on . descri ptions of  the movement patterns used by young 
adu l t s  to get  out of bed descri be most of the movement patterns used by 
adole scents performing  the same tas k .  Age-re l ated di fferences exi st i n  
t he movement patterns u sed by adol escents to ri se to standi ng from 
sup ine  on a bed. Adol escents demonstrate great i ntra- i nd i v i dual  and 
i n ter- i ndi v i dua l  movement pattern vari abi l i ty when gett ing  out of bed .  
The movement  patterns u sed to get out o f  bed do not deve l op i n  a 
u n i vers a l  and  i nvari ant order across adol escence . 
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Append i x  A 
Samp l e  Letter to School Princ ipa l 
Date : 
Dear 
----------------
I am a phys i ca l  therapi st  and graduate student i n  the Phys i ca l  
The rapy Department of the Medi ca l  Col l ege of  V i rg i n i a  (MCV )/Vi rg i n i a  
Commonwea l th Uni vers i ty. I am completing  a research thes i s  under the 
d i rection of Ann F. VanSant .  Ph . D  • •  P . T  • •  Associ ate Professor of 
Physi cal  Therapy. My proposal has been approved by the graduate 
facu l ty of the Phys i ca l  Therapy Department here at  MCV .  
I a m  studying  the movements used by hea l thy adol escents 1 1 .  1 4 .  
and 17  years of  age  to  come to  stand i ng from a bed .  Thi s i nformation 
i s  i mportant  to phys i ca l  therapi sts who must teach adol escents wi th 
physica l  d i sabi l i ti es how to get out of bed . 
Woul d you be wi l l i n g  to have students from your  school 
parti c i pate i n  thi s  project? I hope to study a tota l of 60 
adole scent s , 20 from each of three age groups : 1 1 .  1 4 .  and 17 year 
o l d a dol escents .  Each student woul d  be v i deotaped whi l e  comi ng  to 
s tandi ng  from a bed ten consecuti ve t imes . The v i deotapes wou l d  on ly  
be  u sed for teachi ng and research purposes , and the students ' names 
woul d  not be u sed wi th any report of the study. 
Wi th your  permi ss ion . I wou l d  fi rst send home wi th students i n  
these a ge g roups a n  expl anatory l etter and consent form for the i r  
parents/guardi an s .  The consent forms for parents/guardi ans and 
students have been wri tten in accordance wi th the gu idel i nes from the 
MCV Commi ttee for the Conduct of Human Research . 
The tota l data col l ection process wou l d  ta ke approxi mately  fi ve 
m i nutes of each student ' s  t ime.  Al l v i deotapi ng t imes wou l d  be 
arranged at  your  conven i ence to mi n i mi ze di srupt ions i n  the school 
day . I have a l l  of the v i deo equi pment and the twi n  bed needed for 
the study but wou l d  need some vi deotapi ng  space . 
Thank you so much for your time and i n terest .  I wi l l  cal l 
on to speak  wi th you further about thi s 
study. P l ease fee l free to contact me at  or Dr.  
VanSant a t   before th i s  date wi th any quest ions  or 
concerns that you mi ght have . 
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Aga i n .  thank you for your  t ime and consi derat ion . I l ook  forward 
to ta l ki ng wi th you ! 
Si ncere ly .  
Jeanne M .  O ' Nei l 
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Append i x  B 
Samp l e  Letter to Parents/Guard i ans and Consent Form to Parents 
Samp l e  Letter  to Parents/Guardi ans 
Date : 
Dear Parent/Guard i an .  
I am a phys i ca l  therapi st  and graduate student i n  Phys i ca l  
Therapy at  the Med i ca l  Co l l ege of  Vi rg i n i a/Vi rg i n i a  Commonwea l th 
Uni vers i ty. Under the d i rection of Ann F .  VanSant . Ph . D  . •  P . T  • •  
Assoc i ate Professor of Phys i ca l  Therapy . I am compl eti ng my graduate 
the s i s .  I a m  studyi ng the movements that hea l thy 1 1 .  1 4 .  and 17 year 
ol d a dol escents use to come to stand i ng from a bed . Physi cal  
therapi sts teach adol escents wi th phys i ca l  d i sabi l i t ies  how to perform 
vari ous bas i c  act i vi t ies . such as gett ing  out of bed . The resu l ts of 
th i s study. therefore . wi l l  be va l uabl e to phys i ca l  therap i s ts .  
parti cul ar ly  to phys i ca l  therapi sts worki ng wi th persons about the age 
of you r  son/daughter .  
I f  your son/daughter  i s  1 1 .  1 4 .  or 17 years of  age . wou l d  you 
a l l ow h i m/her to part i c i pate i n  thi s study? He/she woul d  be 
v i deotaped whi l e  comi ng to stand ing  from a bed 10 consecuti ve t imes . 
The tota l study wi l l  ta ke approximate ly  fi ve mi nutes of each student ' s  
t i me .  M .  _____ at _____ school has g i ven me permi s s i on 
to v i deotape at  the school . V i deotapi ng t imes wi l l  be arranged to 
mi n im ize  d i srupt i ons i n  the regul ar school schedul e .  Your 
son/daughter ' s  name woul d not be used i n  any report of the study ,  and 
the v i deotapes  wou l d onl y  be u sed for teachi ng and research purposes .  
I f  you a re wi l l i ng to have your son/daughter parti c i pate , pl ease 
s i gn and comp l e te the encl osed consent form and return i t  to the 
s c hool as s oon as poss i bl e .  On the day of the study , please remi nd 
you r  son/daughter to wear comfortabl e cl oth i ng ( shi rts and s l ac ks or 
short s ) .  Your son/daughter may wi thdraw, or you may wi thdraw your 
son/daughte r .  from thi s study at  any time and for any reason . 
Thank you so much for your  time and i nterest.  Pl ease fee l free 
to contact me at  or Dr .  VanSant at  i f  
you have any addi t i onal questions o r  concerns .  
Aga i n .  thank you ! 
Si ncere ly ,  
Jeanne M .  O ' Nei l 
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Parental Consent Form 
Jeanne M .  O ' Nei l has permi ss ion to i nc l ude my son/daughter i n  a 
study descr i b i ng the movements that I I ,  14 , and 17 year o lds  use to 
come to s tand ing  from a bed . Thi s i nformation wi l l  be useful to hel p 
physi ca l  thera pi sts teach persons wi th phys i ca l  d i sabi l i ties  how to 
get out  of bed .  
I understand that my son/daughter wi l l  be vi deotaped comi ng to 
s tand ing  from a bed 10 consecuti ve t imes .  I understand that my 
son/daughter ' s  name wi l l  not be used i n  any report of the study. I 
understand that the v i deotapes wi l l  only  be used for teach i ng and 
research purposes . 
The purpose and procedures of thi s  study have been fu l l y 
expl a i ned to my son/daughter and me .  My questions have been 
answered . To the best of my knowl edge , my son/daughter has no 
phys i ca l  problems that a l ter  the way he/she gets out of bed .  
I understand that my son/daughter may wi thdraw from thi s study ,  
or  that I may wi thdraw h im/her from th i s  study ,  at  any time and for 
any reason.  I wi l l  be g i ven a copy of th i s  consent form if I request 
one . 
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Si gnature : ____________ Name : __________ _ 
( Parent or Guard i an ) ( Son/Daughter ' s ) 
Son/Daughter ' s  Age : ______ Date of B i rt h :  ___ / _ -:/ __ _ 
Witnes s :  _______________ Date : _______ _ 
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Appendi  x C 
Subject Consent Form 
Jeanne M. O ' Ne i l  has my permi s s i on to inc l ude me i n  a study 
l oo k i ng at the way young people  come to stand i ng from a bed . 
I nformat ion from th i s  study wi l l  be hel pful to phys ica l  therapi sts who 
teach persons wi th phys i cal  probl ems how to get out of bed . 
I understand that I wi l l  be v i deotaped as  I come to stand i ng from 
a bed 10 t imes . I understand that my name wi l l  not be used i n  any 
reports of th i s  project.  I understand that my vi deotapes may be used 
for teach i ng and research purposes .  
The purpose and  procedures of  th i s  study have been expl a i ned to 
me .  My quest i ons  have been answered . I understand that I may 
wi thdraw from th i s  study at any t ime and for any reason . I wi l l  be 
g i ven a copy of thi s consent form i f  I request one . 
Si  gnature : ______________ Date : ________ _ 
Name : ___________ Age : __ Date of Bi rth :  ____ _ 
Wi tness : __________ _ 
Appendi x 0 
Subject I nstruction Chec kl i st 
Subject # :  
1 )  Parenta l consent? 
2) I ntroduce ass i stan t .  
3 )  Ask  i f  any bone o r  joi nt , 
nerve , heart ,  l ung , or 
other probl ems ma ke i t  
hard to get out of bed : eg o 
a rm ,  l eg ,  or sp ine probl ems 
or o l d  sport i njuri e s . 
4 )  Expl a i n  study : 
a )  V i deotape subject gett ing  
out  of bed .  
b )  Tapes for teachi ng & research 
on ly. No names wi l l  be u sed . 
5 )  What the s ubject wi l l  do : 
a )  Remove s hoes and soc ks . 
b )  Li e on the bed on bac k 
wi th arms a t  s i des . 
c )  Get up  from the bed as 
qu i c k ly  as poss i b l e  and stay 
standing  unti l asked to l i e  
bac k down . 
d )  May request to rest bri efl y 
between t ri a l s i f  needed .  
e )  Repeat 10 t imes . 
6 )  What 1 1 1 1  say :  
a )  II Ready"  - V i deotape on . 
b) "Go" - Get up. 
7) Any questions?  
8 )  Subject consent form : 
a )  Read  carefu l l y  and s i g n .  
b) Pri nt  name , age , & OOB . 
9) Wi tness & subject I .  
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Append i x  E 
V i deotapi ng Errors 
1 )  For Subject 1 .  the fi rst tr ia l  1 was voi ded . 
2 )  For Subject 6 .  the fi rst tri a l s  1-8 and the second tri a l s 1 and 2 
were u sed i n  t h i s  study as the subject l s  10 tr ia l s .  
3 )  For Subject 10 . tri a l s 1 through 6 .  both tri a l s 7 1 s . and tri al s 8 
and 9 were u sed i n  thi s study as  the subject l s  10 tri a l s .  
4 )  Subject 1 4  has two sets of data on the s i de v iew vi deotape . 
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Tri a l s 1 to 10 on the foot vi ew vi deotape and the second set of 
tri a l s 1 to 10 on the s i de v iew vi deotape were used i n  t h i s  study 
as the subject l s  10 tri a l s .  
5 )  Subject � for the fi rst e i ght tri a l s was wrong ly  i dent if ied as 
Subject 11. 
6 )  For Subject 16 . the fi rst tri a l  3 was voi ded . 
7 )  For Subject 26 . the 10 tri a l s u sed i n  thi s study were both tr ia l  
l I s . tri a l s 2 through 8 .  and  tri a l  10  on the vi deotape . 
8 )  For Subject 28 . the fi rst tri a l  1 was voi ded . 
9 )  For Subject 37 . the ten tri a l s  used i n  thi s study were tri a l s 1 
through 5 .  the fi rst tri a l  6 .  both tr ia l  7 1 s .  and tri a l s 8 and 9 
on the v i deotape . 
10 ) For Subject 38 . the fi rst tri a l  1 was voi ded . 
1 1 )  For Subject 40 . the fi rst tria l  1 was vo i ded .  
Append i x  F 
Dec i s i on Rul es Used to Categori ze Movement Patterns 
A l etteri n g  system was used by Sarnacki  ( 1985 )  to i dentify the 
movement  pattern s .  Numbers have been used here to i nd icate the order 
i n  whi c h  Sarnac ki hypothes i zed the movement patterns wou l d  deve lop .  
For read ing  ease , t he  name of  the movement pattern i s  general l y  used 
i ns tead of referri ng to the movement pattern by number or l etter.  
Far Upper Extremi ty 
1 )  Deci s i on between categories  I-Lateral L ift and Push and 2-Pus h :  
a )  I f  the FUE i s  blocked from vi ew by the LEs and the pattern 
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; s  e i ther Lateral L ift and Push or Push ,  c l ass i fy the movement 
as  Push ( Sarnac k i , 1985 ) .  
b )  I f  the FUE l i fts and then returns to the starti ng posi tion 
to pus h ,  c l assi fy the pattern as Push .  
c }  I f  i t  i s  d i ffi c u l t  to determine i f  the pattern i s  Lateral L ift 
and Push  or Pus h ,  c l ass i fy the movement as  Push ( Sarnacki , 
198 5 ) .  
2 )  For categor i es 2-Push and 3-Doub le  Pus h :  If  the subject pushes 
on the e l bow and then on the hand wi thout l i ft ing  the ' arm ,  
con s i der  the  movement a s i n g l e  push .  
3 )  For categori es 3-Doubl e  Push and 4-Li ft and Pus h :  
a )  I f  the subject pushes  on the anterior th igh  i nstead of the 
bed , con s i der  the movement as a push .  
b }  I f  the subject pushes o n  the opposi te s i de o f  the body just 
before coming  to stand ing , cons ider  the movement a pus h .  
( Continued ) 
Near Upper Extremi ty 
Appendi x F ( Conti nued ) 
Dec i s i on Ru l es 
1 )  Dec i s i on between categori es I- Lateral L i ft and Push and 3-Push : 
a )  I f  the NUE pus hes on the bed , then l i fts  to readjust pos i t i on 
and pushes agai n ,  c l a s s i fy the movement as  Push ( Sarnacki , 
1985 ) .  
b )  I f  the subject l i fts the NUE and then returns t o  the starti ng 
pos i t i on to pus h ,  c l assi fy the movement as Pus h .  
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c )  If i t  i s  d i ffi cu l t to determi ne i f  the pattern i s  Latera l Li ft 
and Pus h or Pus h ,  c l assi fy the pattern as Pus h .  
2 )  For category I-Lateral L ift and Pus h :  I f  the subject l i fts or 
s l i des the upper extremi ty toward the head of the bed and then 
pushe s ,  c l as s i fy the movement as Latera l L ift and Push even i f  the 
wri st , i nstead of the hand , i s  the l ast  part of the extremi ty to 
l i ft off of the bed . 
3 )  For category 2-Grasp and Pus h :  
a )  I f  the hand grabs the edge of the bed at  any time duri ng 
the movement , c l as s ify the movement as Grasp and Push 
( Sarnac ki , 1985 ) .  
b )  If  the subject grabs the l eg ,  but not the bed , d o  not 
c l ass i fy the movement as Grasp and Pus h .  
( Cont i nued ) 
Head and Trun k  
Append i x  F ( Cont i nued )  
Dec i s i on Rul es 
1 )  Dec i s i on between category 2-Lateral Ro l l  and categories 3-
Ro l l -Off and 4-Come to Si t :  
a )  When the subject reaches s i de-fac i ng .  a t  the poi nt of 
h i ghest e l evat ion of the pel v i s .  i f  there i s  no space 
between the NUE and the trun k .  c l as s ify the movement as 
Latera l Ro l l .  
b )  When the subject reaches s i de-fac i ng .  at the po i nt of 
h i g hest  e l evat ion of the pe l v i s .  i f  there i s  a space 
between the NUE and the trun k .  c l as s i fy the movement as  
Rol l -Off or Come to  Si t .  depend i ng on  the amount of  head and 
trunk  d i spl acement toward the head of the bed when the 
buttocks come off the bed ( See dec i s i on ru l e  2 ) .  
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2) Dec i s i on between categories  3-Rol l -Off and 4-Come to Si t ( These 
dec i s i on rules  were mod i fi ed from Sarnacki  ( 1985 )  to be appl i cab le  to 
persons ri s i ng toward e i ther the right  or l eft s i de of the bed .  The 
orig i na l  i n tent of the dec i s i on ru l es was not changed . ) :  
a )  When the buttocks come off the bed . i f  the nose i s  a l i gned 
wi th or l atera l to the l ateral border of the h i p  nearest the 
head of the bed . c l a ss i fy the movement as Rol l -Off. If  the 
h i p  i s  obscured . u se the wa i st as a gu i de .  
( Cont inued ) 
Appendi x F ( Conti nued ) 
Dec i s ion Ru l es 
b )  When the buttocks come off the bed . i f  the nose i s  med ia l  to 
the l ateral border of the hi p nearest the head of the bed . 
c l a s s i fy the movement as Come to Si t .  
c )  I f  i t  i s  d i ffi cul t to determi ne whether the movement i s  Rol l ­
Off o r  Come to S i t .  c l as s i fy the movement a s  Ro l l -Off . 
lower Extremi t i e s  ( The l ower extremi ty dec i s i on ru l es were modi fied 
from Sarnacki  ( 1985 )  to be appl i cabl e to persons ri s i ng toward e i ther 
the r ight  or  l e ft s i de of the bed .  The ori g i na l  i n tent o f  the 
dec i s i on rul es was not changed . )  
1 )  Category 1-Step-Off : 
a )  The far t h i g h  i s  above the near thi gh i f  a space i s  seen 
between t hem. 
b) I f  the far thi g h  is above the near thi g h .  and the far 
foot  i s  i n  front of the near l eg .  c l a ss i fy the movement as  
Ste p- Off. 
2) Category 2-Asynchronous Wi th leg Extens ion :  The far foot i s  i n  
front of the near l eg i f  a space i s  seen between them. 
3) Categories  2-Asynchronous Wi th leg Extension and 3-Asynchronous :  
The thi ghs are para l l el i f  no space i s  seen between them. 
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*Tri a l s  wi th a push of the Far Upper  Extremi ty on the l eg .  
°Tri a l  wi th a push of the Near Upper Extremi ty on the l eg .  
Far uBper Extremi ty Movement  Patterns : l-Lateral L ift and Pus h ;  2- ush; 3-Double Push; 4-Lift and Pus h ;  5-Li ft o r  Li ft and Reach .  
Near Upper Extremi ty Movement Pattern s :  I-Latera l  Li ft and Push ; 
2-Grasp  and Push; 3-Push; 4-Lift and Reach .  
Head and Trunk  Movement Pattern s :  l-Pe l vi s  Leadi ng ; 2-Lateral Ro l l ;  
3-Ro,,-Off; 4-Come to 51t. 
Lower Extremi ty Movement Patterns : I-Step-Off ; 2-Asynchronous With 
Leg Extension ; 3-Asynchronous ;  4-Synchronous . 
+Tri a l  wi th second pus h  of the Far Upper Extremi ty on the oppo s i te 
s i de of the body . 
°Tri a l s  wi th a push of the Near Upper Extremi ty on the l eg .  
Far u�per Extremi ty Movement Patterns : l-Lateral L i ft and Push ; 
2- ush ; 3-Double Push; 4-Lift and Pus h ;  5-Li ft or  L i ft and Reach .  
Near Upper Extremi ty Movement  Patterns : l- Latera l  Li ft and Pus h ;  
2-Grasp  and Push; 3-Push; 4-Lift and Reach .  
Head and Trunk  Movement Pattern s :  l-Pel v i s Lead i ng ; 2-Latera l  Ro l l ;  
3-Roll-0tt; 4-Come to Slt. 
Lower Extremi ty Movement Pattern s :  l-Step-Off ; 2-Asynchronous Wi th 
Leg Extension ; 3-Asynchronous ;  4-Synchronous .  
*Tr i a l s  wi th a pus h  of the Far Upper Extremi ty on the l eg .  
°Tri a l s  wi th a push o f  the Near Upper Extremi ty on the l eg .  
Far u�per Extremi ty Movement Pattern s :  1-Lateral L i ft and Pus h ;  
2- ush; 3-Double Push; 4-Lift and Push ; 5-Li ft or Li ft · and Reach .  
Near Upper Extremi ty Movement  Patterns : I-Lateral Li ft and Push ; 
2-Grasp  and Push; 3-Push ; 4-Li ft and Reach .  
Head and Trunk  Movement Pattern s :  1-Pel vi s Leadi ng ;  2-Lateral Ro l l ;  
3-Roll-0ff; 4-Come to 51t. 
Lower Extremi ty Movement Pattern s :  I-Step-Off ; 2-Asynchronous Wi th 
Leg Extens1 0n ; 3-Asynchronous ;  4-Synchronous . 
Appendi x H 
Movement Pattern Combi nation Percent Occurrences Across Tri a l s  
Tabl e 1 5  
Movement  Pattern Combi nation Percent Occurrences (%) Observed i n  
Subjects 1 1  Years of Age (N = 200 tri a l s) 
FNTL % FNTL % FNTL % FNTL % 
3242 6 . 5  3321 2 . 0  3232 1 . 0  3324 0 . 5  
3322 5 . 5  3343 2 . 0  3233 1 . 0  3341 0 . 5  
3222 5 . 5 2 143 1 . 5  3234 1 . 0  4123 0 . 5  
3132 4 . 0  2323 1 . 5  3331 1 . 0  4133 0 . 5  
3 142 4 . 0  3 1 33 1 . 5  4122 1 . 0  4143 0 . 5  
3342 4 . 0  3143 1 . 5  4333 1 . 0  4221 0 . 5  
3344 4 . 0  3332 1 . 5  4343 1 . 0  4222 0 . 5  
3243 3 . 5  1244 1 . 0  1324 0 . 5  4223 0 . 5  
3213 3 . 0  2133 1 . 0  2121  0 . 5  4243 0 . 5  
3323 3 . 0  2242 1 . 0  2122 0 . 5  4322 0 . 5  
3122 2 . 5 2244 1 . 0  2123 0 . 5  4344 0 . 5  
3241 2 . 5 2332 1 . 0  2132 0 . 5  4443 0 . 5  
2322 2 . 5  2333 1 . 0  2142 0 . 5  5123 0 . 5  
2343 2 . 0  3121  1 . 0  2243 0 . 5  5321 0. 5 
3212 2 . 0  3131 1 . 0  2334 0 . 5  5323 0 . 5  
3223 2 . 0 3144 1 . 0  2344 0. 5 5343 0 . 5  
3244 2 . 0  3221 1 . 0  3123 0 . 5  
Note . F c Far Upper Extremi ty. 
N = Near Upper Extremi ty. 
H = Head and Trunk .  
L = Lower Extremi t i e s .  
Far Upper Extremi ty Movement Patterns : I-Latera l L i ft and  Pus h ;  
2-Push; 3-Double Pus h ;  4-Li ft and Push ; 5-Li ft o r  Li ft and Reach .  
Near Upper Extrem i ty Movement Patterns : I-Lateral L i ft and Pus h ;  
2-Grasp  and Pus h ;  3-Push; 4-Lift and Reach .  
Head and  Trunk  Movement Patterns : I-Pe l v i s  Leadi ng ; 2-Latera l Ro l l ;  
3-Ro11-0ff; 4-Come to Si t .  
Lower Extrem i ty Movement Patterns : I-Step-Off ; 2-Asynchronous Wi th 
Leg Extension ; 3-Asynchronous ;  4-Synchronous .  
1 12  
Append i x  H ( Cont inued ) 
Table 16  
Movement  Pattern Combi nation Percent Occurrences 
Subjects 14  Years of Age {N = 200 tri a l s) 
FNTL % FNTL % 
3241 1 2 . 5 3331 3 . 0  
3242 1 1 . 5  3142 2 . 5 
3243 9 . 0  3143 2 . 5  
3344 6 . 0  3231 2 . 5 
3244 5 . 5  3232 2 . 5 
3341 5 . 5 3141 2 . 0  
3342 5 . 0  2342 1 . 5  
3343 5 . 0  2244 1 . 0  
2323 4 . 5  2321 1 . 0  
2341 3 . 0  2322 1 . 0  
Note . F = Far Upper Extremi ty .  
N = Near Upper  Extremi ty .  
T = Head and Trunk .  
L = Lower Extremi ties . 
FNTL 
2331 
3233 
3322 
3323 
3332 
3333 
2144 
2231 
2241 
2242 
% 
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
0 . 5  
0. 5 
0 . 5  
0. 5 
{%) Observed i n  
FNTL % 
2243 0 . 5  
2343 0 . 5  
2344 0 . 5  
3122 0 . 5  
3131  0 . 5  
3132 0 . 5  
3133 0 . 5  
3221 0. 5 
3223 0 . 5  
4332 0. 5 
Far Upper Extremi ty Movement Patterns : I-Latera l  Li ft and Pus h ;  
2-Push; 3-0ouble Push; 4-Lift and Pus h ;  5-Li ft or Li ft and Reach .  
Near  Upper Extremi ty Movement Patterns : I-Lateral Li ft and Pus h ;  
2-Grasp  and Push; 3-Push; 4-Lift and Reach .  
Head and Trunk  Movement Patterns : I-Pel v i s  Leadi ng ; 2-Latera l Ro l l ;  
3-Roll-Off; 4-Come to Sit . 
Lower Extremi ty Movement Patterns : I-Step-Off ; 2-Asynchronous Wi th 
Leg Extens l 0n ;  3-Asynchronous ; 4-Synchronous . 
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Append i x  H ( Conti nued ) 
Tabl e 1 7  
Movement Pattern Combi nation Percent Occurrences (%) Observed i n  
Subjects 1 7  Years o f  Age (N = 200 tri a l s) 
FNTL % FNTL % FNTL % FNTL % 
3242 14 . 5 2242 2 . 5  3143 1 . 5  3131  0 . 5  
3342 9 . 0  2243 2 . 5  4333 1 . 5  3132 0 . 5  
3241 6 . 0  2332 2 . 5  5331 1 . 5  3222 0 . 5  
2333 4 . 5  4343 2 . 5 3142 1 . 0  3231 0 . 5  
3312 4 . 5 2334 2 . 0  4241 1 . 0  3323 0 . 5  
3344 4 . 5  2342 2 . 0  5333 1 . 0  3333 0. 5 
3232 4 . 0  3141 2 . 0  2233 0 . 5  3334 0 . 5  
3243 4 . 0  3233 2 . 0  2241 0 . 5  4342 0 . 5  
3341 4 . 0  4142 2 . 0  2322 0 . 5  4443 0 . 5  
3343 3 . 0  4242 2 . 0  2331 0 . 5  5341 0 . 5  
4143 3 . 0  2232 1 . 5  2343 0 . 5  5343 0 . 5  
Note . F = Far Upper Extremi ty .  
N = Near Upper Extrem ity .  
H = Head and Trunk .  
L = Lower Extremi t i e s .  
Far Upper Extremity Movement Patterns : I-Latera l L ift and Pus h ;  
2-PUSh; 3-Double Push; 4-l;ft and Pus h ;  5-L ift or L i ft and Reach .  
Near  Upper Extremi ty Movement Patterns : I-Lateral L i ft and Pus h ;  
2-Grasp and Push; 3-Push; 4-Lift and Reach . 
Head and Trunk Movement Patterns : I-Pe l v i s  Leadi ng ; 2-Latera l Ro l l ;  
3-Roll-Off; 4-Come to Sit.  
Lower Extremi ty Movement Patterns : 1-Step-Off ; 2-Asynchronous Wi th 
Leg Extension ; 3-Asynchronous ; 4-Synchronous . 
1 14  
Append i x  I 
I ntra-subject Movement Pattern Variabi l i ty 
Tabl e 19  
Subjects Demonstrat ing Movement Pattern Variabi l i t� i n  the Far U22er 
Extremi ty ( n  = 20 subjects in each age grou2. each 2e rformi ng 10 
t ri a l s) 
Age Group (Years) Subject Number �ovement Pattern 
1 2 3 4 5 
Number of Tri a l s 
1 1  2 1  9 1 
26 5 4 1 
27 1 8 1 
29 2 5 3 
31 8 2 
32 6 4 
33 6 4 
38* 3 3 4 
39 1 9 
40 7 3 
4 1  1 1 8 
14 22 1 9 
43 2 8 
44 9 1 
50 5 5 
51 1 9 
52 2 8 
59 2 8 
17 1 I 3 
3 2 8 
6 1 9 
7 9 1 
8 2 1 7 
10 1 9 
l 1  2 8 
12 8 2 
1 3  3 6 1 
1 5* 1 2 7 
23 3 7 
54 5 5 
·SubJects who varied to non-adjacent steps in the hypothesi zed 
movement pattern devel opmental sequence . 
Far u�per Extrem ity Movement Pattern s :  l-Latera l  L ift and Push ; 
2- u shi 3-Double Push ; 4-L ift and Pus h ;  5-Li ft or L ift and Reach .  
l 1 5  
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Tabl e 20 
Subjects Demonstrat i ng Movement Pattern Vari abi l i t� i n  the Near U��er 
Extremi ty ( n  = 20 subjects in each age grou�, each �erformi ng 10 
tri a l s) 
Aovemen{ Pa{{ern Age Group {Years} Subject Number 
I 2 3 2J 
Number of Tri al s 
1 1  21* 2 8 
25 5 1 4 
27* 8 2 
28 1 3 6 
29 7 3 
30 9 1 
31  4 6 
32 5 1 4 
33 1 7 2 
37 8 2 
38 3 1 5 
39* 2 8 
40* 3 7 
4 1* 4 6 
42 1 6 3 
58* 3 7 
14 14 8 2 
17 1 9 
20 2 2 6 
24 2 8 
44* 3 7 
45 4 6 
47 2 8 
49 3 3 4 
50 4 6 
52* 3 7 
57 6 4 
60 1 9 
17 1 3 6 I 
3 9 1 
7 1 9 
8 9 
9 1 9 
10 7 3 
1 1  9 1 
18 4 1 5 
53 1 9 
54 1 8 1 
55* 1 9 
56 2 1 7 
( Continued ) 
Table 20 ( Conti nued ) 
Subjects Demonstrati ng Movement Pattern Variabi l i ty i n  the Near Upper 
Extremi ty ( n  : 20 subjects in each age group, each performing 10 
tri a l s) 
Note . Li ft and Reach , a new movement pattern observed i n  thi s study , 
was not a pattern i n  the deve lopmental sequence hypothesi zed by 
Sarnack i .  Subjects 38 and 8 each demonstrated th i s  pattern on one 
tri a l . 
·Subjects who va ri ed to non-adjacent steps i n  the hypothesi zed 
movement pattern devel opmen ta l sequence . 
Near Upper E xtremi ty Movement Patterns : I- Latera l  L ift and Pus h ;  
2-Grasp and Push; 3-Push. 
1 17 
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Tabl e 21  
Subjects Demonstrat i ng Movement Pattern Vari abi l i t� i n  the Head and 
Trunk  {n = 20 subjects in each age grouE, each Eerformi ng 10 tri a l s} 
Age Group (Years) Subject Number �ovement Pattern 
I 2 3 lJ 
Number of Tri a l s  
1 1  21  4 4 2 
25 1 3 6 
26 4 1 5 
27 5 4 1 
28 2 1 7 
31 3 1 6 
32 2 8 
33 7 1 2 
34 2 8 
37 7 3 
38* 8 2 
40 4 6 
41* 6 4 
42 3 2 5 
58 6 3 1 
14 17* 3 7 
24 3 7 
44 3 7 
48* 1 9 
49 1 9 
50 7 3 
51 3 7 
52 1 9 
57 5 5 
59* 6 4 
60 4 6 
6 1  2 8 
17 I 1 1 8 
2 8 2 
3 2 8 
6 1 9 
7 2 8 
8 2 8 
10 1 9 
13  2 1 7 
15 7 3 
23 1 9 
53 9 1 
54 2 8 
55* 9 1 
56 1 9 
*Subjects who varied to non-adjacent steps i n  the hypothesized 
movement pattern devel opmental sequence . 
Head and Trunk  Movement Pattern s :  1-Pel vi s Lead i ng ;  2-Lateral Rol l ;  
3-Roll-0ff; 4-Come to 51t. 
1 19 
Tabl e 22 
Subjects Demonstrat ing Movement Pattern Vari abi l i tl i n  the Lower 
Extrem it ie s  ( n  = 20  s ubjects i n  each age grouE. each Eerforming 10 
tri a l s} 
Age Group (Yea rs) Subject Number �ovemen t  Pattern 
1 2 3 � 
Number of Trials 
1 1  21 1 4 3 2 
25 4 6 
26 5 2 3 
27 8 2 
28 3 3 4 
29* 2 8 
30 9 1 
31  3 7 
32 2 5 3 
33 2 4 4 
34 4 1 1 4 
35 4 6 
36 1 7 2 
37 2 6 2 
38 2 3 5 
39 4 4 2 
40 2 8 
41 3 2 5 
42 2 6 2 
58 9 1 
l� 14 4 2 3 1 
16* 1 9 
17 5 3 2 
20* 6 4 
22 2 1 3 4 
24 6 4 
43 1 1 4 4 
45 3 2 1 4 
46 7 1 2 
47* 2 8 
48 4 4 1 1 
49 2 8 
51  1 7 2 
52 3 1 2 4 
57 8 2 
59 1 4 5 
60 3 6 1 
61 4 5 1 
( Conti nued ) 
Table 22 ( Cont i nued ) 
Subjects Demonstrati ng Movement Pattern Vari abi l i ty i n  the Lower 
Extrem i t i es ( n  : 20 subjects in each age group, each performi ng 10 
tri a l s) 
Age Group (Years) Subject Number 
17 2 
3 
4 
6 
7 
8 
9 
10 
11 
12* 
1 3  
1 5  
1 9  
5 3  
54 
56 
*SubJects who varied to non-adjacent steps 
movement pattern devel opmental sequence . 
Movement Pattern 
1 2 3 4  
Number of Trials 
4 6 
5 5 
9 1 
2 1 7 
3 7 
2 8 
9 1 
3 7 
3 7 
1 5 4 
3 2 3 2 
4 1 5 
7 3 
7 3 
4 6 
6 3 1 
i n  the hypothes i zed 
Lower Extremi ty Movement Patterns : I-Step-Off ; 2-Asynchronous Wi th 
Leg Extens l on ;  3-Asynchronous ; 4-Synchronous . 
120 
Appendi x J 
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Age-Re l ated Di fferences i n  the Movement Patterns of  Adol escents 1 1 .  
14 . and 17 Years o f  Age Ri s i ng to Stand i ng From Supi ne on a Bed 
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ABSTRACT 
Gett i ng  out of bed i s  an acti vi ty phys i cal  therapi sts commonly  
teach pati ent s .  Thi s study ' s  purposes were to determi ne :  1 )  i f  there 
are age- re l ated di fferences i n  movement patterns ( MP s )  ado lescents use 
to r i se from a bed and 2) the most common MP combi nati ons used to 
perform thi s tas k .  
S i xty 1 1 - . 14- . or 17-year-ol ds .  were vi deotaped duri ng 10 tri a l s  
o f  ri s i ng .  MPs o f  four  body reg i ons were c l assi fied us ing  a set of 
descri pti ve categories for each reg ion .  Each MP ' s  i nc idence and the 
most common MP combi nat ions were determi ned for each age group . 
Age- re l ated di fferences i n  MPs used to r i se were present i n  each 
reg ion .  The three MP combi nati ons commonly  observed i n  1 1-year-o lds , 
two i n  14-year-ol ds .  and one i n  17-year-olds  were descri bed . One of 
these combinations  was common across a l l  age groups . 
MPs u sed by adol escents when gett ing  out of bed di ffer wi th age . 
Therapi sts can select age-appropri ate MPs when teach ing pati ents thi s 
acti v i ty .  
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I NTRODUCTI ON 
Getting  out of bed i s  an acti v i ty performed by most i ndi v idua l s  
at  l east  once a day. Phys i ca l  therapi sts frequentl y  eval uate the 
a bi l i ty of persons wi th motor impa i rments to perform th i s  acti vi ty. 
When e va l uating  pati ents , c l i n i c i ans are interested in both i f  
patients can perform a n  acti v i ty and the movement patterns used . Thi s  
i n format ion i s  used to identi fy functional i mpa i rments , establ i sh 
rea l i st i c  treatment object i ves , and p lan  appropri ate treatment 
acti v i t i e s .  Therapi sts need to be aware o f  the various movement 
patterns adol escents use to get out of bed .  Th i s  wou l d  a l l ow 
c l i n i c i ans to se l ect from a greater vari ety of movement patterns when 
teach ing  pat ients th is  acti vi ty .  
The mai n  purpose of  thi s  research was to  determi ne i f  there were 
age-re l ated d i fferences i n  the movement patterns used to come to 
standi ng from supine  lying on a bed .  An addi tiona l purpose was to 
descri be the most common movement patterns used by adol escents to get 
out of bed .  
BACKGROUND 
Ado l escence i s  an i mportant trans i tiona l period between chi l dhood 
and adul thood ( I ) .  Several researchers ( 2-4 )  have documented 
quant i tat i ve changes i n  motor abi l i ties  occurring during the second 
decade of l i fe .  These changes were observed i n  broad jumping  or 
throwing di stance , runni ng speed , or the number of push-ups 
compl eted . Few researchers have exami ned devel opmental changes i n  the 
movement  patterns u sed to perform a tas k  duri ng adol escence . 
Long i tud i na l  stud ies  of movement pattern deve lopment i n  adolescents 
have been l imi ted to acti vi t i es such as throwi ng ( 5 , 6 )  and hopping  
(7 .8 ) .  The movement patterns u sed i n  these acti vi t i es underwent 
deve l opmental changes during the second decade . 
P hys i ca l  therapi sts frequently teach adolescents wi th motor 
i mpa i rments to rol l from supi ne to prone . to get out of bed . and to 
stand from a seated pos i ti on on a cha i r  or a supi ne pos i t i on on the 
floor.  As part of a growi ng body of research exami n i ng age-re l ated 
d i fferences i n  the movement patterns used to perform such tas ks , 
Bouche r  ( 9 )  stud i ed ado l escents performing the tas k of rol l i ng from 
s up i ne to prone .  The movement patterns used to rol l vari ed wi th age 
across the teen years . 
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Sa rnac ki ( 10 )  recently descri bed movement patterns used by 
heal thy adul ts  to get out of bed . Thi rty-f i ve young adu l ts were 
fi l med duri ng  10 tri a l s of comi ng to stand ing  from supi ne on a bed .  
The movements observed i n  each of four  body reg i ons were descri bed .  
These regions  were the  " Far"  Upper Extremi ty ( FUE ) ,  "Near" Upper 
Extremi ty (NUE ) ,  Head and Trunk  ( HT ) , and Lower Extremi t ies  ( LEs ) .  
Descri pt i ve categories  were formed to summarize  the movement patterns 
of each body reg ion .  Based upon the nature of  the subjects ' movement 
pattern vari abi l i ty ,  a devel opmenta l  sequence of movement patterns was 
hypothes i zed for each body reg i on (Tables  1-4 ) .  
The present study was conducted to determine whether the movement 
patterns u sed to get out of bed vary wi th age i n  the order 
hypothes i zed by Sarnacki  ( 10 ) .  I n  order for the proposed 
deve lopmental order to rece i ve support , younger subjects wou l d  have to 
demonstrate . wi th a greater freq�ency than ol der subjects , those 
movemen t  patterns hypothesi zed to predomi nate earl i e r  i n  the 
l i fespan . S imi l ar ly ,  o l der s ubjects wou l d  be expected to demonstrate , 
wi th a greater frequency than younger subjects , those movement 
patterns hypothes i zed to predomi nate l ater in the l i fespan .  
METHODS 
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Subjects 
Si xty non-d i sabl ed adol escents parti c i pated in thi s study , 20 
from each of three groups : 1 1  years , 14 years , and 17 years . The 
mean age , age range , standard dev i ation , and number of ma l es and 
fema l es are reported for each age group i n  Tabl e 5 .  Subjects were 
recru i ted from schoo l s  and church groups i n  the Ri chmond , V i rg i n i a  
metropol i tan area . Informed consent was obta i ned from parents or 
guard i ans prior to data co l l ection and from each subject at the time 
of data co l l ecti on .  I ndi v idua l s  were exc l uded from the study i f  they 
reported any condi ti on that potenti a l l y  i nterfered wi th the i r  abi l i ty 
to get out of bed ,  such as an orthoped i c  or neuro log i c  d i sorder .  
Data Col l ection 
Equ i pment . One v i deo camera , connected to a power suppl y and 
v i deo cassette recorder ( VCR ) , and one v ideo camcorder were used to 
record the movements of subjects whi l e  getting out of bed .  Each 
camera was mounted on a tri pod and was equ i pped wi th an automati c 
focus , a power zoom l en s ,  and an e l ectron i c  v i ew fi nder .  The bed was 
a standard twin s i ze bed measuri ng approximatel y  1 . 88 m l ong , 0 . 96 m 
wi de , and 0 . 5 1 m h i g h .  
Layout of  data col l ection s i te .  One camera was pos i ti oned fac i ng 
one s i de of the bed , wi th the opt i ca l  axi s of the l ens  perpendi cu l ar 
to the l ength of the bed .  The other camera was posi t ioned fac ing  the 
foot of the bed wi th the opt ica l  axi s of the l ens perpendi cu l ar to the 
wi dth of the bed .  The cameras were l ocated approximate ly  7 . 2  m and 
126 
6 . 2  m from the center of the bed for the s i de and foot v iew cameras 
respect i ve ly. The di stance from the floor  to the center of the camera 
l ens  was a pproxi mate ly  0 . 87 m for the s i de v i ew camera and 
approximatel y  0 . 93 m for the foot v i ew camera . A board wi th two sets 
of numbers was p l aced wi th in  v iew of both cameras  to i dent i fy subject 
and tri a l  numbers . 
Procedures . JOM and assi stants col l ected the data . The purposes 
and procedures  of the study were fi rst expl a i ned to the subject .  Each 
subject was asked to remove shoes and socks and to l i e  supi ne in the 
center of the bed wi th arms bes i de the body. Two commands , "ready" 
and "go , "  were g i ve n .  On the command "ready , "  vi deo-recordi ng was 
started ,  and on the command "go , "  the subject rose as rapi d ly  as  
poss i bl e  and  stood unti l a s ked to  l i e  back  down . Al l subjects turned 
to the i r  l eft s i de whi l e  ri s i ng .  The d i recti on of  r i s i n g  was 
determined by constra i nts i n  the envi ronment of the fi rst fi lming 
s i te .  At that s i te ,  came ras cou l d  on ly  be l ocated to obta i n  a l eft 
s i de and foot v i ew. The subjects were as ked to r ise qu i ckly to 
mi n imi ze t ime for t h i n ki ng about the form of the movements u sed duri ng 
the acti v i ty { I I } .  Ten consecuti ve tri a l s were v i deotaped . 
Da ta Reduct ion 
Movement pattern c l a ss i fi cation . V i deotapes were analyzed using  
a te l ev i s i on mon i tor and v i deo cassette pl ayer/recorder { VCR }  wi th 
stop action , s l ow mot i on pl ayback capabi l i ti e s .  The movements used by 
each subject to get out of bed were categori zed by JOM for each body 
reg i on u s i ng  the desc ri ptions i n  Tab les 1-4 .  Beg inn ing  wi th the upper 
extremi ty c l osest to the s i de v iew camera , the fi rst tri a l  of a l l  
subjects was rev i ewed , fo l l owed by the second tri al  of a l l  subjects 
etc . , unti l the NUE movements of a l l  subjects had been c l a s s ifi ed .  
Any movements that coul d  not be c l a s s i fi ed were descri bed i n  wri ti ng .  
Thi s procedure was then repeated for each  of  the other three reg ions .  
Rel i abi l i ty .  After data reduction was compl eted , i nter-rater 
rel i abi l i ty c l ass i fyi ng movement patterns was exami ned for each body 
reg ion .  Data from 60 randomly sel ected tri a l s  were c l ass i fi ed by 
AFV. These categori zations were compared to JOM ' s categori zations .  
I f  l ess than 85%  exact agreement was obta i ned , d i screpancies were 
i dent i fi ed ,  and the descr ipt i ve categories were c l ari fi ed .  JOM then 
repeated the data reduction process for that body reg ion . Thi s 
process  was repeated unti l at  l east 85% exact agreement was obta i ned 
for each body regi on .  Kappa stat i st ics  ( 12 )  were then ca l cu l ated to 
est ima te i n ter-rater rel i abi l i ty .  
Data Ana lys i s  
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Age-re l ated movement pattern d i fferences and hypothesi zed 
deve l opmental  sequences . For each body reg i on ,  the i nc i dence of each 
movement pattern was determi ned across a l l tri a l s for each age group .  
To i l l u strate age  group di fferences , the  percent occurrence of each 
movement pattern was graphed wi th respect to age group for each body 
reg i on .  The percent occurrences were compared to determi ne i f  younger 
subjects demonstrated , wi th a greater frequency than o l der subjects , 
those movement patterns hypothesi zed to predominate earl i e r  i n  the 
l i fe span .  S imi l ar ly ,  the percent occurrences were compared to 
determi ne i f  o l der s ubjects demonstrated , wi th a greater frequency 
than younger subjects , those movement patterns hypothes i zed to 
predomi nate l ater i n  the l i fespan .  
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Most common form of r i s i ng .  The combi nation of FUE , NUE , HT , and 
LE movement patterns demonstrated duri ng each tri a l  of r i s i ng was 
determi ned . The percent occurrence of each combi nati on of movement 
patterns was determi ned across a l l  subjects and tri a l s for each age 
group. The most  common combi nat ion of FUE , NUE , HT , and LE patterns 
was then i denti fied for each age group .  
RESULTS 
Rel i abi l i ty 
The percent exact agreement achi eved between AFV and JOM 
c l ass i fying  the movement patterns from 60 randomly sel ected tri a l s  was 
95% ,  85% ,  90% , and 86 . 5% for the FUE , NUE , HT , and LEs , respecti vely .  
The  va l ues of Kappa for the  FUE , NUE , HT , and  LEs  were 0 . 9 1 , 0 . 7 6 ,  
0 . 89 ,  and 0 . 82 ,  respecti ve ly  
Movement Pattern C l assi fication 
The movement  pattern descri ptions (Tables 1-4 ) deve loped for 
young adul ts ( 10 )  descri bed a l l but one of the movements observed i n  
adol escents . The new NUE pattern was cal l ed L ift and Reach (Tabl e 2 ) . 
A l though no new movement patterns were observed i n  the HT reg ion ,  
three o f  the four  or ig ina l  HT categories ( 10 )  were rewri tten to better 
descri be the movement patterns and to ma ke them more genera l i zabl e .  
These descri ptions appear i n  the i r  revi sed form i n  Tabl e ° 3 .  
After the  HT  movement pattern descri pt ions were revi sed , data 
from thi s  study were rec l a s s ifi ed for the HT reg ion . I nter-rater 
rel i a bi l i ty tests were repeated u s i ng 100 randomly sel ected tri a l s  
from the data o f  adol escents , young adu l ts ( 10 ) ,  and middle-aged 
adu lts  ( C .  D. Ford-Smi th , unpubl i s hed data , August , 1988 ) .  These data 
sets were used to assess the genera l i zabi l i ty of the revi sed HT 
categories  across  a wider age range of s ubjects.  Percent exact 
agreement between AFV and JOM was 88% .  The va l ue of Kappa was 0 . 76 .  
Age-rel ated Movement Pattern Di fferences 
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The observed i nc i dence of each movement pattern for the FUE , NUE , 
HT , and LEs , respect i ve ly ,  i s  i nc l uded i n  Tables  1-4 .  F i gures 1-4 ,  
res pecti ve ly ,  graph the observed i nc i dence o f  FUE , NUE , HT , and LE 
movement patterns across age groups . The re l at ionsh i p  of each 
movement pattern to age i s  anal yzed bel ow in the order in whi c h  
Sarnacki  ( 10 )  hypothesi zed the patterns woul d  predomi nate . 
Far upper extremi ty .  Latera l L i ft and  Push ,  step 1 of  the 
proposed deve l opmental sequence , was the l east common movement pattern 
i n  a l l three age groups . Thi s  pattern occurred at  a very l ow 
frequency i n  l l-year-ol ds and was not observed i n  14- or 17-year-
o l d s .  P u s h  was proposed as the second step of  the devel opmental 
sequence . A l though i t  was never seen on more than 20% of an age 
group ' s  tri a l s ,  the pattern was seen at  i ts hi ghest frequency i n  17-
year-ol ds .  Doubl e Pus h ,  the thi rd step of the sequence occurred 
commonly  i n  a l l three age groups . A pea k  frequency was observed i n  14-
yea r-ol ds . L i ft and Pus h ,  the fourth s tep , varied i n  frequency across 
age g roups , be i ng  l east common i n  14-year-ol ds . L i ft or L i ft and 
Reach , the fi nal  s tep ,  occurred i nfrequently in 1 1- and l1-year-ol ds 
and was not observed i n  14-year-ol ds .  
Near  u pper extremi ty .  Latera l  L i ft and Pus h ,  the fi rst step of 
the proposed sequence , was seen wi th greatest frequency i n  1 1-year­
o l d s .  The frequency was approximate ly  the same i n  14- and 17-year­
o l d s .  Grasp  and Pus h ,  hypothesi zed as  the second step i n  the 
deve l opmental sequence , was the predomi nant pattern observed i n  14-
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year-ol ds . Pus h ,  the thi rd step of the hypothesi zed sequence . was the 
most common movement pattern among 1 1- and 17-year-o l ds .  l i ft and 
Reach was a new pattern not a part of Sarnacki ' s  sequence . Thi s  
pattern occu rred i n frequently among 1 1- and 17-year-o l ds and was not 
observed among 14-year-ol ds .  
Head and trun k .  Pel vi s  leadi ng , hypothesi zed as the fi rst step 
i n  the head and trunk devel opmenta l sequence , was observed 
i nfrequent ly  i n  1 1- and 17-year-o lds .  Th i s  pattern was not observed 
i n  14-year-o l d s .  The second step  i n  the proposed sequence , latera l  
Rol l ,  was observed i n  more than one thi rd of  the tri a l s  of  subjects 1 1  
years o f  age . T h i s  pattern was seen i n  only 10% o f  the tri a l s of 
subjects 14 yea rs of age and i nfrequently  in the o l dest subjects . 
Rol l -Off ,  the th i rd step of the proposed sequence , occurred at a 
s i mi l a r  frequency i n  1 1- and 14-year-o l ds .  Th i s  pattern reached i ts 
pea k frequency i n  17-year-ol ds .  Come to  Si t ,  hypothesi zed as the l ast 
pattern to predomi nate , was the most  common pattern for a l l three age 
g roups . The pattern was seen at  i ts l owest frequency in l l-year-o lds . 
reached i ts pea k frequency among 14-year-o l ds .  and was s l i ghtly l ess 
common among 17-year-ol d s .  
lower  extremi t i e s .  Step-Off , hypothesi zed as the fi rst step i n  
the l ower extremi ty devel opmental sequence . was the most common 
movement pattern demonstrated by 14-year-ol ds . The second step i n  the 
p roposed sequence , Asynchronous With leg Extension was the most common 
movement pattern demonstrated by 1 1- and 17-year-ol ds .  Asynchronous .  
hypothesi zed a s  the thi rd step  i n  the sequence , d i ffered l i ttl e i n  
frequency across the three age groups . Thi s pattern was observed i n  
approxi mate l y  one quarter of the tri a l s  of each g roup. Synchronous ,  
the fourth s tep  i n  the proposed sequence . a l so di ffered l i tt l e  i n  
frequency across  the adol escent age groups . Th i s  pattern vari ed 
between approximately  5% and 15% of the tri a l s  of the three groups . 
Most Common Form of Ri s i ng 
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A tota l of 89 d i fferent movement pattern combi nations were 
observed across the three age groups . Si xty- seven di fferent 
combi nations were observed in l l-year-o l ds .  compared to 40 in 14-year­
o l d s  and 44 in 17-year-ol d s .  No subject demonstrated the same 
movement pattern combi nation across  a l l 10 tria l s .  The three most 
common movement pattern comb inat i ons for each age group accounted for 
approx imate ly  one thi rd of the tri a l s  of the 14- and 17-year-o lds but 
only a pproximate ly  one fi fth of the tri a l s of the l l-year-o l d s .  
For subjects 1 1  years o f  age . three common movement pattern 
combi nat i ons  were observed .  These combi nations each  occurred across 
approximate l y  6% of the l l-year-o l ds '  tria l s  and di ffered from each 
other on ly  i n  NUE or  HT act ion ( Fi gures 5. 6, and 7 ) .  
For subjects 14 years of age . there were two movement pattern 
combi nati ons whi c h  occurred wi th a l most equal frequency. Each was 
observed i n  approximately 1 2% of the tri a l s .  These two combi nations 
di ffered from each other on ly  in LE action ( Fi gures 5 and 8 ) .  
For subjects 1 7  years o f  age . there was a s i ng l e  most common 
movement pattern combi nation ( Fi gure 5 ) .  whi ch was demonstrated across 
approximate ly  15% of the tria l s .  Thi s  combi nation was one of the most 
common forms of ri s i ng demonstrated by 1 1- and 14-year-ol ds .  
DI SCUSS I ON 
Movement Pattern C l ass i fi cation 
Wi th the exception of the one new pattern observed in the NUE . 
the movement patterns i denti fied i n  the young adul t study ( 10 )  
descri bed the movements demonstrated by these adol escent s .  Al though 
patterns whi c h  predomi nate early or qu i te l a ter  i n  a l i fespan 
deve l o pmental sequence may not be observed when a samp l e  of young 
adu l ts i s  used to i dentify the movement patterns for a task ( 1 1 ) . 
Sarnacki ' s  s tudy of young adul ts getting  out of bed ( 10 ) proved a 
u seful fi rst step prior to studyi ng adol escents . 
Age-re l ated Movement Pattern Di fferences and Hypothes i zed 
Deve l opmenta l Sequences 
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Far u pper extremi ty. There was l i ttl e d i fference between the 
three age g roups i n  the frequency of occurrence of four of the fi ve 
FUE movement patterns . The marked drop i n  the i nc i dence of the Double  
Push  pattern between 14- and 17-year-ol ds was the most notab le  age­
rel ated di fference . Because the age- re l ated di fferences were l i mi ted . 
determi n ing  i f  the movement patterns were becomi ng more or l ess common 
i n  the o rder predi cted by Sarnacki ( 10 ) was not poss i bl e .  The 
adol escent data were therefore compared to the data obta i ned by 
Sarnac ki ( 10 ) i n  her study of young adu l ts .  
Sarnacki ( 10 ) hypothes i zed that the movement patterns wou l d  
become predomi nant i n  the fol l owi ng order :  Latera l  Li ft and  Push . 
Pus h .  Doubl e Push .  L i ft and Push . and L ift or L i ft and Reach.  The l ow 
i nc i dence of the Latera l Li ft and Push pattern among adol escents as 
compared to young adul ts ( 10 ) suggests that this pattern may be a 
l a ter  movement  pattern to become predominant.  Thi s woul d  not support 
Sarnacki ' s  hypothesi s that Lateral Li ft and Push was the earl i est 
patte rn to predomi nate . 
Push , the most common F�E movement pattern among young adul ts , 
occurred i nfrequently among adol escents . The Doub le  Push pattern , 
whi ch was predominant i n  adol escents , was l ess common young adul ts . 
I n  contrast to Sarnacki ' s  predi ction , the Doubl e Push pattern most 
l i ke ly  predomi nates before the Push pattern . 
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L i ft and Push was observed i n  fewer of the trial s of 14-year-ol ds 
and young adul ts than of 1 1- and 17-year-o l d s ,  a l ways occurri ng l ess 
than 15%.  Because of thi s l ow, vari ab le  i n c i dence , predi cti ng whether 
L i ft and Push  i s  an earl ier  or l ater predomi nating  pattern was not 
poss i bl e  based upon observed age-re lated di fferences . Further cross­
sect iona l  study of chi l dren and middle-aged adu l ts cou l d  hel p c l ari fy 
when thi s pattern wou l d  l i ke ly  predomi nate . 
L i ft or Li ft and Reach  was observed at l ow frequenc ies  i n  both 
young  adul ts ( 10 )  and ado l escents .  Sarnacki ( 10 )  hypothesi zed thi s 
patte rn as the l atest pattern to become predomi nant because of i ts 
s imi l ari ty to Symmetri cal Reach , hypothes i zed as the most advanced UE 
pattern u sed to r i se to stand ing  from supine on the fl oor ( 13 ) . 
Because of the l ow i nc i dence of thi s movement pattern throughout 
ado lescence and young adul thood , howeve r ,  thi s movement pattern may 
not rep resent a deve lopmental step .  Further cross-sectional study of  
other age  g roups cou l d  c l ar i fy whether the Li ft or Li ft and Reach 
pattern i s  a step withi n the devel opmental sequence . 
Based upon the movement pattern frequencies observed i n  thi s 
study and those reported by Sarnac ki ( 10 ) , the l i ke ly  order of 
predomi nance of the Lateral Li ft and Push , Pus h ,  and Doubl e Push 
pattern s a ppears to be Doubl e Push , Push , and Latera l  Li ft and Push , 
success i ve ly .  To determi ne whether the Li ft and  Push  pattern l i ke ly  
predom i nates before Doubl e  Push or after Lateral L i ft and Pus h ,  the 
nature of the subjects ' movement pattern variabi l i ty was exami ned . 
U s i ng thi s method ( 10 ) ,  L i ft and Push l i ke ly predomi nates before 
Doub le  Push .  
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Therefore , the hypothesi zed sequence was not supported . As a 
res ul t  of the present study ,  the deve lopmental sequence for the FUE i s  
hypothes i zed to be i n  success i ve order for the period lead i ng u p  to 
ado l escence and i n to the mi dd l e  adu l t  years : L i ft and Push ,  Doub le  
Pus h .  Pus h ,  and Latera l L i ft and  Push .  
Near upper extremi ty. Sarnacki ( 10 )  hypothes i zed that the NUE 
movement patterns  wou l d  become predominant i n  the fo l l owi ng order :  
Lateral L i ft and Push .  Grasp and Pus h ,  and Push .  Lateral L ift and 
Push was s upported as an earl ier  pattern to predomi nate because of i ts 
sharply decreased i nc i dence i n  o l der  age g roups as compared to 1 1-year­
o l d s .  The l i mi ted age- re l ated di fferences observed among adol escents 
i n  the frequency of occurrence of the Grasp and Pus h and Push patterns 
d i d  not a l l ow i denti fi cation of the l i ke ly  deve lopmenta l  sequence 
order ing  wi thout aga i n  referri ng to Sarnac ki ' s  ( 10 )  data . 
Because Grasp  and Push s howed an  i ncreased frequency i n  young 
adu l ts as compared to 17-year-ol ds and because Pus h  s howed a decreased 
frequency in young adu l ts as compared to 17 -year-o l ds ,  the NUE 
sequence a ppears  to have been mi sordered . Push woul d  l i ke ly  
predominate before Grasp  and  Push .  
S i nce L i ft and Reach was not observed i n  young adu l ts and was 
observed at  a very sma l l frequency i n  adol escents , thi s pattern may 
not represent a deve l opmenta l  step .  Further cross-sectional study of 
other age g roups . such as  chi l dren . middl e-aged adul ts . or the 
e l der ly . cou l d determi ne how preva l ent  thi s  movement pattern i s  i n  
other age g roups . 
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Based upon the resu l ts of th i s  study and Sarnacki ' s  ( 10 )  reported 
frequenc ies . the hypothes i zed sequence was not supported .  The 
devel opmen ta l  sequence for the NUE for the period l eadi ng up  to 
adol escence and i n to the mi dd l e  adu l t  years i s  proposed to be i n  
s uccess i ve order :  lateral l i ft and  Push . Push .  a nd  Grasp  and Push .  
Head and trun k .  Pel v i s lead i n g .  latera l Rol l .  Ro l l -Off . and Come 
to S i t  i s  the success i ve devel opmental order hypothesi zed by Sarnacki 
( 10 )  for the HT. Pe l vi s  leadi n g .  observed i nfrequently among 
ado l escents . was a l so observed i nfrequently among young adu l ts .  
Therefore . there does not yet appear to be a re l at i ons hi p between thi s 
pattern and age . Pe l vi s  leading  was hypothesi zed by Sarnacki as the 
fi rst s tep i n  the sequence (Tabl e 3) becau se of i ts s imi l ar i ty to an 
early  rol l i ng pattern i n  i nfants ( 14 ) .  Further c ross-sectional study 
of a younger age g roup cou l d  c l ar i fy whether thi s pattern i s  l i ke ly  to 
be more common prior to adol escence . 
The lateral Rol l  pattern was more common i n  younger ado lescents 
than i n  o l der  adol escents and young adul ts . Thi s pattern rece i ved 
support as  an early  step i n  the hypothesi zed deve lopmental sequence . 
Rol l -Off. whi c h  a ppeared to be i ncreas i ng i n  frequency wi th 
i nc reas i n g  age across adol escence . was the predomi nant HT pattern i n  
young adul ts .  Come to S i t .  the predomi nant HT pattern of ado lescents . 
demonstrated a g reatl y decreased frequency among young adu l ts .  Come 
to S i t .  therefore . a ppears to be an earl i e r  s tep than Rol l -Off. Thi s 
i n d i cates that the sequence proposed by Sarnacki ( 1985 )  i s  probably 
m i sordered . 
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Based on the age-rel ated movement pattern di fferences observed , 
Sarnac ki ' s ( 10 ) hypothesi zed sequence was not supported . The order of 
deve l opment of the HT movement patterns i s  hypothesi zed to be for the 
per i od l ead ing  up to adol escence and i nto the mi ddle  adul t years : 
Lateral Rol l ,  Come to Si t ,  and Rol l -Off. 
Lower extremi t i e s .  Sarnacki  ( 10 ) hypothesi zed that the 
devel opmental sequence for the LE movement patterns was Step-Off , 
Asynchronous Wi th Leg Extens ion , Asynchronous ,  and Synchronous.  Step­
Off was not s upported as the earl i est  pattern to predomi nate because 
th i s pattern was predomi nant i n  14-year-ol ds but not i n  younger or 
o l der  adol escents .  Step-Off , therefore , i s  not l i ke ly  the earl i est  
pattern to  predomi nate as  Sarnacki ( 10 ) hypothesi zed . 
Asynchronous W ith  Leg Extens i on was the most common movement 
pattern i n  1 1- and 17-year-ol ds .  Among young adul ts ( 10 ) , thi s 
movement  pattern was l ess common than i n  17-year-ol ds .  Asynchronous 
W i t h  Leg Extens i on may,  therefore , represent the earl i est  pattern to 
predomi nate i n  the LE sequence . Thi s  pattern may then aga i n  become 
predomi nant after the Step-Off pattern , as was observed i n  thi s study. 
Because the Asynchronous and Synchronous patterns varied l i ttle  
i n  frequency among adol escents . Sarnacki ' s  ( 10 ) data  of young adul ts 
were used to hypothes i ze the pos i t i on of these patterns i n  the 
deve l opmental sequence . Asynchronous , whi c h  was never common i n  
adol escents . was the most  common LE movement pattern i n  young adu l ts .  
Thi s trend supports the Asynchronous pattern a s  a l ater step to 
predom inate i n  the sequence . 
Synchronous was observed i n  l ess than 15% of the tri a l s of 
adol escents and young adu l t s .  Becau se of th is  l ow i nc i dence a nd  the 
l imi ted age-rel ated di fferences . whether th i s  movement pattern i s  a 
l a ter  predomi nati ng pattern wou l d  requ i re further cross-sect ional 
study of an  o l der  age group of subjects , such  as middl e-aged adul ts .  
Howe ve r ,  Sarnac ki ( 10 )  hypothesi zed Synchronous as the l ast step  in  
the  sequence because of i ts s imi l ar ity to the Symmetrical  Squat 
pattern , hypothesi zed to be the most  advanced LE pattern u sed to r i se 
to s tand i ng  from the floor  ( 13 ) . 
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Based upon the observed i n c i dence of movement patterns  i n  thi s 
study and i n  Sarnac ki ' s  study of young adu l ts ( 10 ) ,  i t  appears that 
the hypothes i zed developmental sequence for the LEs was correctly 
ordered but did not account for the find ing  that Asynchronous With Leg 
Extension mi ght predomi nate just prior to when the four step sequence 
i s  observed.  The deve lopmenta l  sequence for the LEs i s  proposed to be 
i n  success i ve order for the period l eadi ng up to ado l escence and i nto 
the mi dd l e  adu l t  years : Asynchronous With Leg Extens i on , Step-Off , 
Asynchronous Wi th Leg Extens ion , Asynchronous , and Synchronous .  
Most Common Form o f  Ri s i ng 
There was a l a rge amount of i nter- i nd i v i dual  and i ntra- i nd i v idual 
varia bi l i ty in the movement pattern combi nations u sed by adol escents 
when getting  out of bed .  Thi s  i ndi cates that adol escents have 
avai l ab l e  to them a number of di fferent movement pattern combi nations 
to use when getti ng out of bed .  
One o f  the three combi nations demonstrated commonl y  by 1 1-year­
o l ds was t he same as one of the two combi nations demonstrated commonly 
by 14-year-o l ds and was the same as the most common combi nation 
demonstrated by 17-year-ol ds .  The s imi l ar it ies  in common movement 
pattern combi nations  for each  age group suggest that  the  age  i nterval s 
c hosen for thi s  study may have been too sma l l .  Greater age 
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d i fferences i n  the most  common movement pattern combi nat i ons may have 
been observed i f  l arger age i nterva l s .  perhaps four or fi ve years . had 
been sel ected . Greater age di fferences i n  the i nc i dences of the most 
common combi nati ons may a l so have been observed if a l arger number of 
adol escents had been stud ied . Because there were only  twenty subjects 
i n  each age group .  the movement  patterns demonstrated by just one or 
two i ndi v i dua l s  coul d have s i gn i fi cantly a l tered the obse rved 
i nc i dence of various movement pattern combi nations .  
T he  most  common movement pattern combi nations observed i n  
adol escents d i ffered from the one reported by Sarnac ki i n  her study of 
young adu l ts ( 10 ) .  Th i s  i s  an add i t i onal i ndi cator that there are age­
re l ated di fferences in the movement patterns used to get out of bed .  
Impl i cati ons for Cl i n ica l  Pract i ce 
Phys i cal  therapi sts frequently treat patients who are unabl e to 
get out of bed .  Knowl edge o f  the wide vari ety o f  movement patterns 
used to get out of bed shou l d  a l l ow therapi sts to choose from a 
greater vari ety of patterns when teaching  thi s act i vi ty .  Knowi ng that 
there are age-re l ated di fferences i n  the movement patterns used to get 
out of bed .  therapi sts can sel ect age-appropri ate patterns to teach 
the i r  adol escent or young adu l t  pat ients . 
The movement patterns used by pat i ents may eventua l ly be eas i ly  
c l ass i fi ed in  a c l i n i ca l  setting . When working  wi th pati ents . 
therapi sts can observe the movement patterns demonstrated by the i r 
pat ients from e i ther s i de or foot vi ews as was done i n  thi s study.  
V i deotaping  coul d a l so be  used to  provi de supporti ve .  objecti ve 
documentation of pat ients ' movement patterns .  
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CONCLUSI ONS 
Descri ptions of the  movement patterns used by young adu l ts 
gett i ng out of bed descri be most of the movement patterns u sed by 
adol escents . The one new NUE pattern that was observed i n  thi s study , 
L i ft and Reach . d i d  not demonstrate a c l ear  rel at ions h i p  to age and 
may not represent a devel opmental step .  
There are  age-rel ated di fferences i n  the movement pattern s used 
by ado l escents to r i se  to stand i ng from supi ne on a bed .  However ,  the 
movement patterns and movement pattern combinations demonstrated by 
adol escents when getting  out of bed are qu i te variabl e .  
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TABLE 1 
Far Upper  E xtremi ty Movement Patterns and Percent Occurrences a 
1 )  Lateral L i ft and Push : The upper extremi ty l i fts or  s l i des on the 
s upportl ng  surface toward the head of the bed .  The enti re upper  
extremi ty .  or  some part of  i t .  i s  p l aced o n  the bed and pus hes . The 
extremi ty extends unti l the hand i s  the only part of the upper 
extremi ty rema i n i ng on the bed .  The hand l i fts and the extremi ty may 
be used as  a bal ance a s s i s t .  
( 1 . 5% .  0%.  0%)  
2 )  Pus h :  The ent i re upper extremi ty .  or some part of i t .  pushes i nto 
the DeC: The upper extremi ty extends unti l the hand or el bow i s  the 
onl y  part of the upper extremi ty rema i n i ng on the bed .  The hand o r  
e l bow l i fts a nd  the extremi ty may be used as a ba l ance assi st .  
( 16 . 5% .  16 . 5% .  20 . 0% )  
3 )  Doubl e  Pus h :  The enti re upper extremi ty l i fts toward the head of 
the bed and pushes  or  pushes i n to the bed wi thout l i ft ing .  The 
extremi ty extends unti l the hand or e l bow i s  the on ly  part of the 
upper extremi ty rema i n ing  on the bed .  The hand or e l bow l i fts . and 
the hand i s  p l aced on the bed .  usua l ly  near the edge . and pushes . The 
hand l i fts and the extremi ty may be used as a ba l ance ass i st .  
( 7 2 . 0% .  83 .0% .  63 . 5% )  
4 )  L i ft and Push : The upper extremi ty l i fts off the bed and may 
reach across the body . The hand i s  pl aced on the bed on the same s ide 
of the body at  some po i nt  between the start i ng pos i ti on and the edge 
of the bed and pushe s .  The hand l i fts and the extremi ty may be used 
as a bal ance a ss i st .  
( 8 . 0% .  0 . 5% .  1 3 . 0% )  
5 )  L i ft o r  L i ft and Reach : The upper extremi ty l i fts off the bed and 
may reach across the body. The extremi ty may be used as a ba l ance 
a s s i s t .  
( 2 .0% .  0 . 0% . 3 . 5% )  
8MOvement patterns from Sarnacki (10). A l etteri ng system was 
u sed i n  Sarnack i ' s  study to i denti fy these movement pattern s .  The 
movement  patterns  a re l i sted here i n  the order in whi c h  Sarnacki  
proposed the patterns woul d  deve l op.  Pattern 1 was expected to 
predomi nate prior to pattern 2 .  Pattern 2 was expected to predomi nate 
prior to pattern 3 .  and so forth.  The numbers i n  parentheses 
represent the observed percent occurrence of each movement pattern for 
s ubjects 1 1 .  1 4 .  and 17 years of age respect i vely.  
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TABLE 2 
Near Upper Extremi ty Movement  Patterns and Percent Occurrencesa 
1 )  lateral L i ft and Pus h :  The upper extremi ty l i fts or s l i des on the 
supporting s urface toward the head of the bed . The enti re upper 
extremi ty .  or some part of i t .  i s  p l aced on the bed and pus hes unti l 
the extremi ty i s  i n  the extended or nearly extended pos i tion , and the 
hand i s  the only part of the extremi ty rema i n i ng on the bed .  The hand 
l i fts . and the extremi ty may be used as a bal ance assi s t .  
( 25 . 0% .  9 . 5% .  10 . 5% )  
2 )  Grasp and Pus h :  The upper  extremi ty s l i des o r  l i fts to pos i t ion 
the hand to g ra sp  the edge of the bed .  The enti re upper extremi ty .  or 
some part of i t .  pus hes down on the bed whi l e  the hand gri ps on the 
edge . The upper extremi ty l i fts and may be used as a ba l ance ass i st .  
( 36 . 5% .  48 . 5% .  42 . 0% )  
3 )  Push : The enti re upper extremi ty . or some part of  i t ,  pushes i nto 
the oed: The extremi ty l i fts from the bed and may be used as a 
bal ance a s s i s t .  
( 38 . 0% .  42 . 0% ,  47 .0% )  
4 )  l i ft and  Reach : The upper extremi ty i s  l i fted off the bed wi thout 
pushing .  The extremi ty may be used to reach forward and/or as a 
ba l ance ass i s t .  
( 0 . 5% .  0% . 0 . 5% )  
aMovement patterns 1-3 are from Sarnacki  (10). A l etteri ng 
system was u sed i n  Sarnacki ' s  study to i dent i fy these movement 
pattern s .  Patterns 1 -3  are l i sted here in the order i n  whi c h  Sarnacki  
p roposed t he patterns woul d deve l op. Pattern 1 was expected to 
predom i nate prior to pattern 2 .  Pattern 2 was expected to predomi nate 
pr ior to pattern 3 .  Movement pattern 4 was a new movement pattern i n  
th i s  study. The n umbers i n  parentheses represent the observed percent 
occurrence of each movement pattern for subjects 1 1 .  14 . and 17 years 
of age respecti vely .  
TABLE 3 
Revi sed Head  and Trunk  Movement Patterns and Percent Occurrences a 
1 � Pel vi s Lead ing: The l ower trunk rotates to the s i de .  At s l delY1 ng . the uppe r  s i de of the pel vi s  drops to the bed . and the 
trunk l i fts and turns toward s i de fac i ng .  The subject may be i n  a 
symmetri cal  s i tt i ng posture before stand i ng .  
( 5 . 0% .  0% .  4 . 5% )  
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2) Lateral Rol l :  The head and trunk  turn toward the s i de fac i ng pos it1 0n W1th min imal  flexi on toward the foot of  the bed .  I n  the s i de 
fac i ng pos i ti on . one buttock i s  off the bed . and the s houl ders and 
pe l vi s  are a l i gned and d i s pl aced toward the head of the bed .  When the 
buttocks come off the bed . the head and trunk  may be d i sp l aced toward 
the head of the bed .  o r  the subject may be 1 n  a symmetr1 cal s ltt1 ng 
posture . b 
( 34 . 5% .  1 0 . 0% .  1 . 5% )  
3 )  Ro l l -Off : The head and trunk f l e x  and turn toward s i de fac i ng 
wi th the weight s h i fted to one buttock .  C Just before both buttocks 
come off the bed .  the head and trunk are d i sp l aced toward the head of 
the bed through l atera l fl exion and/or rotati on . 
( 17 . 5% .  14 . 5% .  24 . 0% )  
4)  Come t o  Si t :  The head and trunk  fl ex symmetrica l l y  or  fl ex and 
turn toward s lde fac ing  by pi vot ing  on one or both buttoc ks . d  Just 
before both buttoc ks come off the bed . the trunk is in a symmetri ca l 
s i tt i ng  posture . though i t  may be flexed forward . 
( 4 3 . 0% .  7 5 . 5% .  7 0 . 0% )  
aMovement patterns from Sarnacki (10). A l ettering system was 
used  i n  Sarnacki ' s  study to i dentify these movement pattern s .  The 
movement patterns are l i sted here i n  the order i n  whi ch Sarnacki  
proposed the patte rns wou l d  deve l op .  Pattern 1 was expected to 
predominate pr ior  to pattern 2. Pattern 2 was expected to predomi nate 
prio r  to pattern 3 .  and so forth . The numbers i n  parentheses 
represent the observed percent occurrence of each movement pattern for 
s ubjects 1 1 .  1 4 .  and 17 years of age respect i ve ly .  
-Continued-
TABLE 3 ( Cont i nued ) 
Rev i sed head and Trunk Movement Patterns "and Percent Occurrences 
bThe words underl i ned i ndi cate a l i ne change made i n  Sarnacki ' s  
( 1985 )  ori g i na l  descr ipt ion of the Latera l Rol l  pattern whi c h  read :  
"Just before the buttoc k comes off the bed , the head and trunk  a re 
d i spl aced toward the head of the bed through l ateral fl exion and/or 
rotati on . "  
c The Rol l -Off pattern was revi sed by e l i mi nating  the fo l l owi ng 
sentence : " I n  the s i de-faci ng pos i t i on ,  the pel vi s  may drop to a 
l evel pos i t i on . "  
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dThe Come to S i t  pattern was revi sed by e l i mi nating  the fol l owi ng 
sentence : " I f  the trun k pi vots on one buttoc k ,  the pel v i s may drop to 
a l evel pos i t ion before stand i ng . "  
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TABLE 4 
Lower Extremi ty Movement Patterns and Percent Occurrences8 
1 )  Step-Off: The l ower extremi t ies  are l i fted asynchronous ly  off the 
bed .  Ihe far extremi ty may push on the bed before l i ft i ng .  The far 
extremi ty fl exes  toward the chest such that the th igh  i s  above the 
near extremi ty t h i g h .  The feet are usua l l y  pl aced on  the fl oor 
asynchronous l y .  and the near extremi ty may begi n  to extend before the 
far extremi ty foot i s  pl aced on the fl oor . 
( 10 . 5% .  32 . 5% .  17 . 0% )  
2 )  Asynchronous Wi th leg Extension : The l ower extremit ies  are l i fted 
asynchronously off the bed .  The far l ower extremi ty may push on the 
bed prior  to  l i ft i n g .  The  thi ghs rema i n  paral l e l as they move across 
the bed .  The far l ower extremi ty may be extended as i t  moves across 
and over the edge of the bed .  The far l ower extremi ty foot i s  i n  
front of the near l ower extremi ty l eg  a s  the l egs descend toward the 
fl oor. The feet are p l aced on the fl oor .  and the l ower extremi t ies 
extend to the upright pos i tion . 
( 44 . 5% .  26 . 0% .  47 . 5% )  
3 )  As�nchronous :  The l ower extremi t ies  are l i fted asynchronous ly  off 
the be . The far l ower extremi ty may push on the bed before l i ft i ng 
and i s  usua l l y  media l ly  rotated . The th ighs are para l l el a s  they move 
across the bed . and the l egs are para l l e l  as they descend toward the 
floor.  The feet  are pl aced on the floor s imul taneous ly .  and the l ower 
extremi t ies  extend to the upright pos i ti on .  
( 32 . 5% .  26 . 0% .  26 . 5% )  
4 )  Synchronous :  The l ower extremi t i es are l i fted o r  s l i d  
s i multaneously off the bed .  A brief push on the bed may proceed the 
l i ft i ng .  The l ower extremi ti es move together over the  edge of the 
bed .  The feet a re p l aced on the floor  s imul taneous ly .  The l ower 
extremi t ies  extend to the upri ght posi t i on .  
( 1 2 . 5% .  1 3 . 5% .  7 . 0%)  
aHovement patterns from Sarnacki  (10). A l etteri ng system was 
u sed i n  Sarnack i ' s  study to i denti fy these movement pattern s .  The 
movement  patterns  a re l i sted here i n  the order in wh i c h  Sarnacki 
proposed the patterns woul d  deve lop .  Pattern 1 was expected to 
predomi nate prior to pattern 2 .  Pattern 2 was expected to predomi nate 
pri or to pattern 3. and so forth . The numbers i n  parentheses 
represent the observed percent occurrence of each movement pattern for 
subjects 1 1 .  1 4 .  and 17 years of age respecti ve ly .  
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TABLE 5 
Samp l e  Mean Age . Age Range . and Standard Devi at ion (N  = 60 ) 
Age 
1 1a 
14b 
Group (yr ) Mean Age 
1 1  yr 3 . 2  mo 
14 yr 5 . 8  mo 
17 yrs 6 . 4  mo 
Age Range 
1 1  yr . 5  mo 
to 
1 1  yr 9 . 6  mo 
14 yr . 5  mo 
to 
14 yr 1 1 . 0  mo 
17 yr 1 . 3  mo 
to 
17 yr 1 1 .  9 mo 
a n = 20 . 10 mal es and 10 fema l es .  
b n = 20 . 1 1  ma l es and 9 fema l es .  
e n  = 20 . 9 mal es and 1 1  fema l e s .  
Standard Devi at ion 
2 . 6  mo 
3 . 4  mo 
3 . 0  mo 
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Far Upper E xtremity 
Dou b l e Push 
Near Upper Extemity 
Grasp and  Push 
Head and  Tru n k  
Come to Sit 
Lower E xtremi t i es 
Asyn chronous W ith 
Leg E xte nsion 
Figure 5 .  One o f  the Three Most Common Movement Pattern Combi nati ons 
(MCMPC ) Demonstrated by 1 1 - Year- O l ds ,  One of the Two MCMPC 
Demonstrated by 14- Year-Ol ds ,  and  the MCMPC Demonstrated 
by 17 - Yea r-O l  ds.  
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Far Upper Extremity 
Dou b l e  Push 
1 5 3  
Near Upper Extremity 
Push 
Head and Tru n k  
Lateral Ro l l  
Lower E xtremities 
Asynchronous W i th 
Leg E xtensi on 
Figure 6 .  One of the Three Most Common Movemen t  Pattern Comb i nations 
Demonstrated by l l - Year-Ol ds (a) . 
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Nea r  Upper E xtremity 
Gra sp and P u sh  
Hea d  and  Tru n k  
Latera l Ro l l  
Lowe r  E xtremities  
A synchronous  With 
Leg E xten s i on 
Figu re 7 .  One of the Three Most Common Movement P atte rn Combi nations 
Demon strated by l l - Yea r-O l d s  (b) . 
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Gra s p  and Push  
Head  and  Trun k 
Come to S i t  
Lower Extremi t i es 
S tep-Off 
F igu re 8 .  One o f  the Two Mo st  Common Movemen t  Pa t te rn Comb i n a t i ons 
Demo n s t ra ted by 14-Year-Ol d s .  
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V i ta 
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